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Uit de oude doos 
 
 
 
 
 
Onzindelijk gewonnen melk of melk van 
zieke koeien kan oorzaak zijn van verschillende 
ziekten; frisse, blozende, gezonde kleintjes 
kunnen er hun gezondheid bij inschieten, voor 
gans hun leven een knak krijgen. Het is een 
sociale plicht te streven naar een gezonde 
veestapel en zindelijke melkwinning.” 
 
Ook uit welbegrepen eigenbelang moeten 
de landbouwers streven naar het winnen van 
gezonde kwaliteitsmelk. Wie in de algemene 
vooruitgang ten achter blijft is gedoemd te 
verdwijnen. Het werk dat we goed doen geeft ons 
een voldoening, waarop we recht hebben. Deze 
arbeidsvreugde moet het dagelijks brood zijn, 
dat onze honger naar genot op een edele en 
voortreffelijke wijze stilt. Als we ons werk goed 
doen, verheffen we ons zelf en verheffen we ook 
onze stand. Dat is de echte fierheid, de 
welbegrepen standsfierheid. 
 
 
Uit: “Melk en de melkverzorging op de hoeve”,  
Uitgave van de Boerinnenbond,  
Leuven, 1947, 2de uitgave. 
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The evolving society is subject to a variety of new challenges, and in a way, this is 
also true for agriculture in all its aspects. The constant urge for food safety and food 
security, due to the global population growth, determines the way food is currently 
produced. This is also influencing the dairy industry since milk consumption increases. 
The discussion on global warming also affects agriculture, given that it accounts for 
about 14 % of the greenhouse gas emission. The dairy sector generates 4 % of the 
greenhouse gas emission, with methane as the most important contributor (FAO, 2010). 
During the last decades, a higher efficiency in dairy farming helped to lower emissions 
(FAO, 2010) although there still is a clear margin for improvement. Besides, the image of 
animal production is under pressure, because of animal welfare issues and inconsiderate 
use of antimicrobials. In order to live up to these high standards, dairy farmers are now 
urged to put more focus on prevention rather than cure of diseases affecting 
productivity, profitability, animal welfare, and drug use. Cost-effective production is key 
as consumers have high expectations but are not eager to pay more for dairy products 
with added value. 
A variety of metabolic disorders and infectious diseases hinder profitability of 
dairy farming, with mastitis being the most important (Bradley, 2002). Added to the 
financial losses, animal discomfort due to clinical mastitis has to be considered as well. 
The majority of mastitis cases is due to a bacterial infection such as by Staphylococcus 
aureus, Streptococcus species, or Escherichia coli. While we have been successful in 
combating some of these bacteria (e. g. incidence of Streptococcus agalactiae IMI has 
been brought to a minimum in many countries), another group of bacteria, the 
coagulase-negative Staphylococcus (CNS) species, has appeared on the forefront. The 
CNS have become the most prevalent group of mastitis bacteria in many areas of the 
world, but research has been hampered by the plethora of different species within the 
group and unsound identification tools. 
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1.1  MASTITIS IN DAIRY COWS
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Mastitis, or the inflammation of the mammary gland, remains a major obstacle for 
the dairy industry. The economic impact of mastitis is often higher than expected and 
consists of, among others, treatment costs and costs caused by discarded milk, 
suboptimal milk production, and early culling (Halasa et al., 2007; Huijps et al., 2009). 
Mastitis can occur in two forms. In cases of clinical mastitis (CM) signs are visible 
(abnormal milk; swollen, warm and/or red quarter; general symptoms; etc) and it is 
obvious that this mastitis form requires prompt treatment. In cases of subclinical 
mastitis (SCM), by contrast, no abnormalities are visible whereas the somatic cell count 
(SCC) of the milk is higher than normal. Although often neglected, subclinical mastitis is 
also of major significance because the infection can flare up and become clinical, milk 
production is suboptimal, and subclinically infected cows can cause new infections in 
the herd. In a Dutch study, the estimated losses caused by CM was 210 € per case, and 
subclinical mastitis was estimated to cost 53 to 120 € per cow present on an average 
farm, depending on the bulk milk SCC (Huijps et al., 2008). Besides the financial 
consequences, the disturbance of the milking routine caused by mastitis is deemed 
highly annoying to farmers.  
Mastitis is a multi-factorial disease and whether or not a cow will be affected 
depends on the interaction of (1) the causative pathogen with its particular virulence 
traits, (2) host resistance, and (3) management factors. Almost all mastitis cases are 
caused by a bacterial infection of the mammary tissue, ascending via the teat canal, 
while only a small minority is caused by yeasts or algae. Mastitis pathogens have 
commonly been classified into two groups. First, they have been classified according to 
their virulence potential and probable impact on udder health. The major pathogens, 
on one hand, have the potential to cause CM and severely elevate the SCC when causing 
SCM. Staphylococcus aureus, Streptococcus species, and Escherichia coli are clear 
examples. On the other hand, minor pathogens might occasionally cause mild cases of 
CM, and are associated with a moderate raise in SCC. Corynebacterium bovis and CNS 
have been considered to be true minor pathogens.  
Secondly, mastitis pathogens have been stratified in two subpopulations based on 
the level of niche or host adaptation. Environmental mastitis pathogens are 
particularly adapted to survive in the bovine environment and can be considered 
opportunistic invaders of the mammary gland. The contagious mastitis pathogens, on 
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the other hand, are organisms adapted to survive within the cow, and can further be 
adapted to a specific host (e. g. an animal species), or even to an organ system within a 
host (in this case the mammary gland) (Zadoks and Schukken, 2006). The latter are 
typically transmitted from cow to cow during milking whereas mastitis due to 
environmental bacteria occurs when cows are managed and housed under suboptimal 
(dirty, wet, etc.) conditions. In that respect, S. uberis was historically considered a typical 
environmental pathogen and S. aureus a typical contagious bacterium, while S. 
dysgalactiae can behave as an environmental as well as a contagious pathogen. Evidence 
demonstrated that this classification is not as clear-cut as accepted before as strains 
within species can act differently. E. g. S. uberis strains have been shown to be 
transmitted from quarter to quarter during milking, i. e. as contagious pathogens 
(Zadoks et al., 2001). Therefore, a sliding scale rather than a dichotomous classification 
of the epidemiological behavior of mastitis bacteria serves our current understanding 
better (Zadoks and Schukken, 2006). The same nuances should probably be brought into 
play when calling certain bacteria “major” or “minor” pathogens. 
In the seventies, five management tools were proposed as the basis for prevention 
and control of mastitis (Neave et al., 1969) focusing on the most important pathogens (S. 
agalactiae, S. dysgalactiae, S. aureus) at that time. Meanwhile, this so-called “five point 
mastitis plan” has been extended to a ten point program, in order to put an extra focus 
on environmental pathogens, and consists of: establishment of goals for udder health; 
maintenance of a clean, dry, and comfortable environment; proper milking procedures; 
proper maintenance and use of milking equipment; good record keeping; appropriate 
management of clinical mastitis during lactation; effective dry cow management; 
maintenance of biosecurity for contagious pathogens and culling of chronically infected 
cows; regular monitoring of udder health status; and periodic review of mastitis control 
program (NMC, 2011). The successful implementation of these programs has led to the 
reduced prevalence and incidence of mastitis caused by S. aureus, E. coli, S. uberis, S. 
dysgalactiae, and S. agalactiae (Bradley, 2002).  
As mentioned before, in the meantime and in many areas over the world, CNS have 
become the most isolated bacteria from bovine milk samples (Makovec and Ruegg, 2003; 
Pitkälä et al., 2004; Piepers et al., 2007; Taponen et al., 2009; Schukken et al., 2009). The 
CNS gained more interest as their relative prevalence and importance on well-managed 
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dairy herds increased during the last decades. For that reason and because they are 
suspected causes of CM, their designation as true minor pathogens needs to be 
reconsidered, or at least, studied in more detail and for the different species. Although 
challenging, accurate species identification is of utmost importance for in-depth 
understanding of the epidemiology and pathogenesis of CNS mastitis. 
 
  
 
  
  
 
 
 
 
 
 
 
 
 
 
 
1.2  IDENTIFICATION OF COAGULASE-NEGATIVE 
STAPHYLOCOCCI
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Group level identification. The CNS are members of the genus Staphylococcus, 
which are Gram-positive cocci usually occurring in irregular groups. They are arranged 
in grape-form, but can also appear in pairs, short chains, or as single cells. Staphylococci 
are catalase-positive, by which they can be distinguished from streptococci. They are 
unable to convert fibrinogen into fibrin because they lack the enzyme coagulase, and can 
therefore be differentiated from the coagulase-positive staphylococci (CPS) S. aureus, 
Staphylococcus (pseud)intermedius, Staphylococcus delphini, Staphylococcus lutrae, 
Staphylococcus schleiferi subsp. coagulans, and some Staphylococcus hyicus strains. The 
nomenclature can be confusing, as the terms ‘Staphylococcus species’, ‘non-aureus 
staphylococci’, and ‘CNS’ are frequently used to label the same group of organisms, 
which is not fully accurate. Most research groups perform a coagulase test (or analogue) 
and are thus able to correctly designate the CNS (thus excluding coagulase-positive S. 
hyicus strains and the CPS species). However, the non-CNS group is mostly reported as ‘S. 
aureus’ instead of ‘CPS’ (Piepers et al., 2007; Taponen et al., 2007; Schukken et al., 2009), 
and it is unclear whether or not (and how) S. aureus is differentiated from the other CPS, 
or where the non-aureus CPS group is classified for data analysis. 
 
Species level identification. In the earliest studies, CNS were handled as one group 
but soon after, awareness rose that the different species within the group might have 
different traits. In fact, 49 Staphylococcus species (of which 4 have not yet been officially 
validated as new species) are listed in the NCBI Taxonomy database 
(http://www.ncbi.nlm.nih.gov/Taxonomy/) today and about a dozen seem to be 
involved in bovine mastitis. Attempts were undertaken to unravel the group by 
identifying CNS to the species level, but reliable species identification is a challenge. 
There is no such thing as a perfect test, but the performance of the method can be 
estimated based on several characteristics. Typeability is the proportion of isolates that 
are assigned to a type by the typing system (Struelens et al., 1996), or extended, the 
proportion of isolates that can be given a species name by the identification method 
(whether or not this species name is correct). In other words, it gives an idea on the 
percentage of isolates that remain unidentified. Accuracy is defined as the concordance 
between the identification given by the method and the correct species name 
determined by a reference method. Thus, it represents the correctness of the 
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identification. Mostly, unidentified isolates are considered as incorrect identifications 
(Burriel and Scott, 1998; Thorberg and Brändström, 2000; Sampimon et al., 2009b), 
hence, a high number of isolates remaining unidentified by a method will result in a low 
accuracy. The positive predictive value (PPV) can be determined as the proportion of 
isolates identified as a species by the method that truly represent that certain species 
(Sampimon et al., 2009b). The latter is less frequently used and, if not explicitly 
determined by the authors, can only be calculated from literature when a detailed 
description of the test results is reported. 
Since the late 1970’s, phenotypic characteristics were used to differentiate 
Staphylococcus species. Conventional microbiological procedures formed the basis of the 
denomination of most of the staphylococcal species (Kloos and Schleifer, 1975; Devriese 
et al., 1983). Because these were labor-intensive and a number of different reagents 
were needed, the tests were combined into ‘ready-to-use’ commercially available test 
kits, e. g. Staph Zym® (Rosco, Taastrup, Denmark), API Staph 32® (API Test, bioMérieux, 
France), Vitek® (bioMérieux, Marcy l’Etoile, France), and BD Phoenix (Becton Dickinson 
Diagnostic Systems, Sparks, MD) (Almeida et al., 1983; Devriese et al., 1985; Matthews et 
al., 1990; Renneberg et al., 1995; Burriel and Scott, 1998; Heikens et al., 2005). The test 
kits could rather easily be applied in a routine veterinary lab setting because, besides 
the cost of the kit and the extra reagents, no complex or expensive equipment is 
required and procedures were easy. Interpretation, however, was sometimes 
questionable due to difficulties in interpretation of color changes (subjectivity), and a 
lack of reproducibility because of variable expression of phenotypic characteristics 
(Burriel and Scott, 1998; Thorberg and Brändström, 2000; Zadoks and Watts, 2009). 
Also, additional tests were often necessary to come to a final conclusion, resulting in 
longer hands-on time and higher costs (Renneberg et al., 1995; Thorberg and 
Brändström, 2000). In Table 1, the performances of frequently used commercial test kits 
were compared for species identification of CNS reference strains, human clinical 
isolates and dairy field isolates. Even for reference strains, although used for the 
development of the test kits, typeability was sometimes disappointing (Burriel and Scott, 
1998; Thorberg and Brändström, 2000; Heikens et al., 2005; Layer et al., 2006). 
Additionally, a 100 % accuracy for identification of CNS reference strains was only 
achieved by the API Staph ID 32® and only in one study (Heikens et al., 2005). The BD 
Phoenix® test system had the lowest accuracy (70 %) of the 4 kits (Heikens et al., 2005). 
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For human clinical CNS isolates, typeability was rather high for all test systems (≥ 
95.7 %) (Ieven et al., 1995; Heikens et al., 2005; Layer et al., 2006), and so was the 
accuracy for the API Staph ID 32®, Vitek®, and Staph Zym®. The BD Phoenix® was only 
able to give a correct species name to 62.2 % of the identified isolates (Heikens et al., 
2005). When it came to CNS isolates originating from dairy (bovine and sheep) milk 
samples, both typeability and accuracy were markedly low and a high variability was 
noticed between studies. E. g., for Staph Zym®, only 41.3 % of the dairy isolates could be 
given an identification in the study of Sampimon et al. (2009b) but 100 % in that of 
Thorberg and Brändström (2000), and the range in typeability of the API Staph ID 32 
was 53.5 to 85.7 % (Thorberg and Brändström, 2000; Taponen et al., 2007; Sampimon et 
al., 2009b). The accuracy of the API Staph ID 32® and Staph Zym® for the dairy CNS 
isolates was comparable (Thorberg and Brändström, 2000; Taponen et al., 2007; 
Sampimon et al., 2009b), and that of the Vitek® system 90.4 % (Matthews et al., 1990). 
To our knowledge, no data on the BD Phoenix® for dairy isolates is available.  
Others also commented on the low typeability and accuracy of the commercial test 
kits for the identification of veterinary isolates, with the probable reason that the kits 
were developed based on human CNS isolates (Bes et al., 2000; Zadoks and Watts, 2009). 
In fact, not only the CNS distribution differs from humans and bovines (or in a broader 
sense, animals), but also strain differences may appear between species that occur in 
both host species as is seen for S. aureus (Smith et al., 2005) and S. agalactiae 
(Sukhanand et al., 2005). Although it concerns the same species, strain differences 
between host species may hamper the CNS species identification. For the majority of 
CNS species commonly involved in mastitis, the performance of the test kits is 
abominable (Table 1). For Staphylococcus chromogenes for example, the predominant 
species in milk samples from cows, but hardly ever found in humans, only 3.2 % of the 
isolates could be given an identification by the Staph Zym, and none of the 
identifications was correct (Sampimon et al., 2009b). Similar data are available for S. 
chromogenes identification with the API Staph ID 32 and Vitek (Matthews et al., 1990; 
Thorberg and Brändström, 2000; Taponen et al., 2007; Sampimon et al., 2009b). In 
addition, the PPV of the test kits is highly variable and, in general, unsatisfactory. For 
example, although the PPV of the API Staph for the identification of S. chromogenes was 
100 %, it was only 50.0 and 52.0 % for Staphylococcus simulans and Staphylococcus 
xylosus, respectively. Also, because none of the isolates were assigned to Staphylococcus 
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haemolyticus, the PPV for this species was not determinable (Sampimon et al., 2009b). 
Similarly, the PPV of the Staph Zym for S. chromogenes could not be determined, while it 
was 50.0, 77.8, and 97.5 % for S. haemolyticus, S. simulans, and S. xylosus, respectively 
(Sampimon et al., 2009b). Questions can thus be posed about the reliability of data on 
epidemiology and importance of CNS gathered in research using these techniques. For 
example, the incongruence in prevalence of Staphylococcus capitis, Staphylococcus 
hominis, and S. hyicus between different studies (as mentioned before), might possibly 
be attributed to accuracy issues. 
Time went by, science evolved, and newer identification methodologies exploiting 
the bacterial genome were introduced in human microbiology (Goh et al., 1996; 
Kawamura et al., 1998). Through applying these techniques for CNS species 
differentiation, it has become evident that the phenotypic test kits lacked accuracy 
(Kawamura et al., 1998; Heikens et al., 2005). Veterinary research centers adopted these 
insights and realized that the phenotypic tests were even less accurate in identifying 
CNS isolates of animal origin (Jousson et al., 2007; Sampimon et al., 2009b). Since, 
consensus has grown that molecular identification is the way to go. However, molecular 
methods were expensive at that time. In fact, purchase of the equipment required is still 
a large cost and especially in veterinary laboratories, this will remain a restraining factor. 
Once these materials are present, however, cost and hand-on time per isolate can be 
comparable to phenotypic testing (Zadoks and Watts, 2009). Even now (and due to 
several reasons) phenotypic methods are still being used for the identification of the 
different CNS species (Chaffer et al., 1999; Thorberg et al., 2009). In addition, newer 
(molecular) methods were introduced (Taponen et al., 2006: da Silva Santos et al., 2008) 
but, to our knowledge, a proper evaluation of their performance is absent.  
 
Taxonomy of Staphylococcus species. A specific branch in the identification of 
staphylococci, and other microorganisms, is the classification of previously undescribed 
species. The first bottleneck showing is the delineation of ‘species’, as this is already an 
arbitrary concept. As a consensus, 70 % DNA-DNA hybridization was put forward as the 
reference to define a species (Wayne et al., 1987). Historically, descriptions of 
staphylococci were based on a limited number of phenotypic tests supplemented with 
DNA-DNA hybridization (Devriese et al., 1983; Freney et al., 1988). Nowadays, a 
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plethora of phenotypic as well as genotypic tests is easily available. The general 
approach in modern species descriptions is to perform as many tests as reasonably 
possible, and to attain a consensus assessment of the characteristics of the species, 
based on all the data (Vandamme et al., 1996). Because there is also no gold standard for 
the identification of bacteria and each laboratory uses its preferred identification 
methods, this polyphasic taxonomy seems to be highly valuable. Additionally, it was 
shown that the polyphasic approach resulted in a more stable classification compared to 
the single approach (Vandamme et al., 1996). Some recommendations on the minimal 
standards for the description of Staphylococcus species are available (Freney et al., 
1999). However, except for DNA-DNA hybridization, no strict rules are put forward. DNA 
sequencing is highly recommended (Vandamme et al., 1996), although 16S rRNA 
sequencing is not sufficient for the identification (nor for classificiation) of staphylococci 
(CLSI, 2007; Shah et al., 2007). 
 
Is CNS identification at the species level essential? One might consider the lack of 
knowledge on CNS importance as part of a vicious circle. Clearly, no information on 
species-specific impact and management on CNS mastitis is available because species 
identification has never been performed, and species identification has not been carried 
out because of the lack of evidence that it mattered. By using the phenotypic tools, this 
problem could not be resolved. Only now, since the introduction of (accurate) molecular 
methods in research, it can be decided whether or not some species (and if so, which 
species) are more significant than others, making eventually the need for species-level 
identification in practice necessary.  
 
 
 
  
 
Table 1. Performance (expressed as ranges of typeability and accuracy) of frequently used phenotypic commercially available CNS-identification test 
kits, over all tested species and for the most prevalent CNS species from milk of dairy cows in particular. 
  
API Staph ID 32 
 
Staph Zym 
 
Vitek 
 
BD Phoenix 
  
Ref strains1 
(e,f,c,d)2 
Human3 
(e,f,b) 
Dairy4 
(d,g,h)  
Ref strains 
(c,d) 
Human 
(b) 
Dairy 
(d,h)  
Ref strains 
(f) 
Human 
(f) 
Dairy 
(a)  
Ref strains 
(e,f) 
Human 
(e,f) 
Dairy 
  
T5 A6 T A T A 
 
T A T A T A 
 
T A T A T A 
 
T A T A T/A 
Over all species 
 
76.7-100 82.6-100 100 85.1-98.1 53.5-85.7 77.2-92.2 
 
90-100 85.7-89.7 98.4 99.1 41.3-100 74.6-94 
 
88.9 83.3 100 93.3 89 90.4 
 
100 70 95.7 62.2 nd 
Most prevalent 
                           
S. capitis 
 
100 100 nd7 0-100 0 nd 
 
nd nd 100 100 100 0 
 
100 100 100 100 100 66.7 
 
100 100 100 100 nd 
S. chromogenes 
 
100 50-100 100 nd 39.7-100 60-100 
 
66.7-100 100 nd nd 3.2-100 0-85.7 
 
100 100 nd nd 91 0 
 
nd nd nd nd nd 
S. cohnii 
 
100 100 100 100 50 100 
 
100 100 100 100 20-100 100 
 
100 0 100 100 100 50 
 
nd nd 100 100 nd 
S. epidermidis 
 
100 100 100 90-100 50-100 100 
 
100 100 98.4 99.7 100 100 
 
100 100 100 95.2 100 100 
 
100 33.3 96.8 56.7 nd 
S. haemolyticus 
 
33.3-100 100 100 98.1-100 11.1-85.7 0-66.7 
 
100 100 100 100 55.6-100 40-85.7 
 
100 100 100 93.3 100 75 
 
nd nd 83.3 100 nd 
S. hominis 
 
33.3-100 0-100 100 0-100 0 nd 
 
100 66.7 97.4 94.7 100 0 
 
100 100 100 100 80 50 
 
nd nd 100 100 nd 
S. hyicus 
 
100 0-100 nd nd 88.9-90 88.9-100 
 
100 0 nd nd 11.1-100 92-100 
 
100 100 nd nd 71 40 
 
nd nd nd nd nd 
S. sciuri 
 
100 100 100 100 0-100 100 
 
100 100 100 100 33.3-100 100 
 
100 100 nd nd 33 75 
 
nd nd nd nd nd 
S. simulans 
 
33.3-100 100 100 100 33.3-100 66.7-100 
 
100 100 nd nd 88.9-100 87.5-92.3 
 
100 100 100 100 87 92.3 
 
nd nd nd nd nd 
S. warneri 
 
100 100 100 100 30.8-100 50-100 
 
100 100 92.3 91.7 53.8-100 100 
 
100 100 100 0 100 50 
 
nd nd 100 100 nd 
S. xylosus 
 
100 100 100 nd 90.9-100 50-100 
 
100 100 100 100 93.3-100 78.6-100 
 
100 100 nd nd 91 100 
 
100 75 nd nd nd 
 
1Reference strains. 2Research papers used to compile this table: a., Matthews et al., 1990; b., Ieven et al., 1995; c., Burriel and Scott, 1998; d., Thorberg 
and Brändström, 2000; e., Heikens et al., 2005; f., Layer et al., 2006; g., Taponen et al., 2007; h., Sampimon et al., 2009b. Accuracy percentages 
determined in these papers were recalculated in order to fit to the definition stated in the text. 3 Clinical isolates originating from humans. 4Dairy field 
isolates (originating from bovine and sheep milk samples). 5Typeability, determined as the percentage of isolates that could be assigned to the 
species level. 6Accuracy, determined as the percentage of isolates (of all identified isolates) that were correctly identified with molecular 
identification or conventional biochemical procedures as reference methods. Unknown isolates were left out of this calculation. 7Not determined in 
the papers referred to in this table.  
 
  
 
 
 
 
 
 
 
 
 
 
 
1.3  EPIDEMIOLOGY OF COAGULASE-NEGATIVE 
STAPHYLOCOCCI
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Reservoirs and niche adaptation of CNS. The CNS are ubiquitous and abundantly 
present in the environment of animals (Matos et al., 1991). Also, large numbers can be 
found on the skin and mucous membranes of humans (Nagase et al., 2002) and a wide 
variety of animal species, like cattle (e. g. Hodges et al., 1984; Woodward et al., 1987; 
White et al., 1989; Nagase et al., 2002; Thorberg et al., 2009), goats (Contreras et al., 
1997), sheep (Burriel and Scott, 1998; Mørk et al., 2007), horses (Nagase et al., 2002), 
pigs (Nagase et al., 2002), dogs and cats (Nagase et al., 2002; Malik et al., 2006; 
Pinchbeck et al., 2006; Jousson et al., 2007), and birds (Nagase et al., 2002). Isolation is 
possible from healthy as well as diseased individuals (Malik et al., 2006; Jousson et al., 
2007). Each host species seems to have a specific CNS distribution and, for species that 
are common between different hosts, strain differences might exist as has been found 
for other bacteria (Sukhnanand et al., 2005).  
The CNS group is too heterogeneous to define its level of niche adaptation, and 
differences between species seem to exist. It looks as if S. xylosus, Staphylococcus cohnii, 
Staphylococcus saprophyticus, and Staphylococcus sciuri have a low level of niche 
adaptation and thus act as opportunistic pathogens when causing IMI (Matos et al., 1991; 
Taponen et al., 2008). Staphylococcus xylosus has been labeled a teat colonizer and 
opportunistic pathogen (Devriese and De Keyser, 1980). Other CNS species favor the 
mammary gland. Staphylococcus simulans was only seldomly found on extramammary 
body sites but more in milk, and was therefore considered as a specific mastitis 
pathogen (Taponen et al., 2008). Gillespie and coworkers found persistent infections 
caused by this species, indicating (some) adaptation to the mammary gland (Gillespie et 
al., 2009). However, this same research group found that different cows within one herd 
were infected with a different S. simulans pulsotype (Gillespie et al., 2009), indicative of 
an environmental reservoir (Zadoks and Schukken, 2006). Staphylococcus chromogenes 
seems to be adapted to skin as well as udder conditions, and has been considered a skin 
opportunist (De Vliegher et al., 2003; Taponen et al., 2008). Nevertheless, a large variety 
of S. chromogenes pulsotypes caused IMI within one herd (Gillespie et al., 2009). 
Staphylococcus epidermidis is adapted to the skin and mucous tissues from humans but 
not from bovines (Devriese and De Keyser, 1980; Thorberg et al., 2006). Because S. 
epidermidis is frequently found in IMI, it is suggested that humans act as reservoirs for 
IMI with this species (Thorberg et al., 2006). Since the reservoirs for mastitis causing 
CNS seem to differ between species, transmission routes for CNS IMI might also be 
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species dependent. However, consistency of the data might be compromised by 
inaccurate identification tools used in older studies. 
 
Mastitis in dairy cows caused by the CNS group. Even long before first 
parturition, CNS can be present in and on the udder (e. g. Fox et al., 1995; De Vliegher et 
al., 2003), with a peak during the last trimester of pregnancy (Fox et al., 1995). They are 
the most prevalent species in milk samples collected before and around calving and 
during early lactation (Fox et al., 1995; Myllys, 1995; Nickerson et al., 1995; Aarestrup 
and Jensen, 1997; Wilson et al., 1997; Compton et al., 2007). After calving, prevalence 
decreases in both cows and heifers but CNS remain the most prevalent group of bacteria 
(Fox et al., 1995; Myllys, 1995; Aarestrup and Jensen, 1997). In subclinical mastitis, CNS 
are isolated from 7.7 to 53.0 % of the quarter milk samples or prepartum teat orifice 
swabs, and are found somewhat more in heifers compared to multiparous cows (Table 
2). A large variation of the prevalence of CNS IMI is seen between countries (Trinidad et 
al., 1990; Pyörälä and Taponen, 2007). In Flanders, Belgium, 9.7 % of the sampled 
quarters harbored CNS (Piepers et al., 2007). Also in CM, a large variation between 
studies is noticed: CNS are reported as the sole pathogens in 1.2 to 52.0 % of the quarter 
milk samples or mammary gland secretions from CM (Table 2).  
 
Mastitis in dairy cows caused by specific CNS species. Interpreting species-
specific data from most of the older CNS studies is hampered by the use of (inaccurate) 
phenotypic identification techniques (Bes et al., 2000), making data on the distribution 
of the different species speculation rather than science (see before). Nevertheless, we 
report on the findings that have been published. Most studies seem to agree that about a 
dozen CNS species can be isolated from the mammary gland, with the predominant 
being S. chromogenes, S. simulans, S. haemolyticus, S. xylosus, S. epidermidis, and S. hyicus 
(Matthews et al., 1992; Aarestrup and Jensen, 1997; Taponen et al., 2006; Gillespie et al., 
2009; Rajala-Schultz et al., 2009; Sampimon et al., 2009a; Thorberg et al., 2009). 
Staphylococcus hyicus, S. hominis, and S. capitis are highly prevalent in some studies 
(Matthews et al., 1992; Gillespie et al., 2009; Sampimon et al., 2009a), but are absent or 
almost absent in others (Hodges et al., 1984; Thorberg et al., 2009).  
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Species distribution depends on parity and lactation stage. In heifers, especially S. 
chromogenes is found (Aarestrup and Jensen, 1997; Taponen et al., 2006; 2007), while S. 
simulans was the most prevalent species in older cows (Taponen et al., 2006; 2007). The 
most encountered species around parturition is S. chromogenes, but its occurrence 
decreases within a few days in lactation (Matthews et al., 1992; Aarestrup and Jensen, 
1997; Taponen et al., 2006, 2007). The high prevalence around calving is also seen for S. 
simulans, and in contrast to S. chromogenes, S. simulans infections remain highly 
prevalent in early lactation (Matthews et al., 1991; Aarestrup and Jensen, 1997; Myllys, 
1995; Taponen et al., 2006). In the first stage of lactation, S. xylosus and S. hyicus have 
also been found (Myllys, 1995; Aarestrup en Jensen, 1997). The prevalence of S. 
epidermidis seems to be less dependent on lactation stage  compared to other species 
(Aarestrup and Jensen, 1997; Taponen et al., 2007).  
  
 
Table 2. Proportion (in %) of milk samples culture positive for coagulase-negative staphylococci from cases of clinical mastitis and subclinical 
mastitis (over different lactation stages, according to literature (expressed as average and range)). 
 
Prepartum Around parturition Early lactation Late lactation Undefined Total Reference1 
Clinical mastitis 
      
 
Cow no data 16.4 (-) 8.8 (-) no data 5.1 (-) 10.1 (5.1-16.4) m, n, o 
Heifer 52.0 (-) 20.1 (12.8-27.4) 5.5 (-) 5.7 (-) 5.5 (-) 18.2 (5.5-52.0) b, i, n, o  
Undefined  5.4 (-) no data no data no data 28.5 (-) 17.0 (5.4-28.5) a, g 
       
 
Subclinical mastitis 
      
 
Cow 21.6 (6.5-50.3) 6.6 (3.0-12.4) 11.3 (-) no data no data 12.8 (3.0-50.3) c, m, r 
Heifer 32.7 (15.3-53.0) 28.9 (19.2-46.8) 20.9 (14.6-27.1) no data no data 29.2 (14.6-53.0) b, c, d, e, h, o  
Undefined 13.5 (-) 11.9 (-) 24.3 (3.7-44.8) 24.6 (4.0-45.1) 9.9 (3.3-13.4) 15.7 (3.3-45.1) a, f, j, k, l, p, q 
 
1Research papers used to compile this table: a., Hogan et al., 1989; b., Trinidad et al., 1990; c., Matthews et al., 1992; d., Fox et al., 1995; e., Aarestrup 
and Jensen, 1997; f., Wilson et al., 1997; g., Sargeant et al., 1998; h., Chaffer et al., 1999; i., Waage et al., 1999; j., Busato et al., 2000; k., Osteras et al., 
2006; l., Piepers et al., 2007; m., Pantoja et al., 2009; n., Persson Waller et al., 2009; o., Tenhagen et al., 2009; p., Thorberg et al., 2009; q., Nam et al., 
2010; r., Reyher et al., 2011. 
 
  
 
 
 
 
 
 
 
 
 
 
 
1.4  IMPACT OF COAGULASE-NEGATIVE 
STAPHYLOCOCCI ON BOVINE UDDER HEALTH
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Negative effects of the CNS group. In contrast to CPS such as S. aureus, S. 
(pseud)intermedius, and S. delphini, whose pathogenicity has long been established 
(Kloos and Bannerman, 1994; Devriese et al., 2005; Hermans et al., 2010), CNS were 
historically considered to be harmless commensals of the skin and mucosae of human 
and animals, that can also occur in the environment (White et al., 1989; Matos et al., 
1991; Matthews et al., 1992; Gill et al., 2006). Since their increased relative importance 
on well-managed dairy herds, more interest was gained in this group.  
As a group, the CNS are regarded as minor mastitis pathogens (Timms and Schultz, 
1987; Djabri et al., 2002; Taponen et al., 2007; Schukken et al., 2009). They cause a 
moderate increase in SCC (less than 500,000 cells/mL) (Hogan et al., 1987; Wilson et al., 
1997; Bedini-Madani et al., 1998; Chaffer et al., 1999; Djabri et al., 2002). In farms that 
have a higher bulk milk SCC (BMSCC), the impact of CNS on the BMSCC might be less 
significant (Schukken et al., 2009). However, as more and more farmers strive for a low 
BMSCC, CNS IMI may become increasingly important (Schukken et al., 2009; Sampimon 
et al., 2010). In fact, the relative proportion of CNS in IMI was higher in low compared to 
high BMSCC herds (Sampimon et al., 2010), and although the SCC increase of CNS 
infected quarters is moderate, the total herd-level effect of CNS on low BMSCC herds can 
be considerable. The legal limits on BMSCC, which is at 400,000 cells/mL in Europe, 
might be compromised due to CNS IMI in only a small minority of herds. Milk yield 
decreases with increasing SCC, resulting in a negative economic impact (Timms and 
Schultz, 1987; Gröhn et al., 2004). However, the effect of CNS infection on  milk yield 
seems to be positive rather than negative, as is discussed below.  
When CNS are found in milk samples from CM, symptoms are typically mild 
(Taponen et al., 2006), although an older study found more severe and systemic 
symptoms (Jarp, 1991). Most researchers agree that in less than 15 % of the clinical milk 
samples, CNS are the only pathogens isolated (Oliver and Jayarao, 1997; Waage et al., 
1999) although variation between studies exist (Table 2). Whether or not the CNS were 
the causative pathogens in these cases, remains unclear.  
The persisting presence of harmful bacteria in the udder adds to their pathogenic 
effect, even for minor pathogens like the CNS. Although CNS IMI have been considered 
previously as self-limiting infections, persistent CNS infections occur frequently (Chaffer 
et al., 1999; Taponen et al., 2006). In a Finnish study, spontaneous cure rate of CNS IMI 
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was less than 50 % while the cure rate was significantly increased by antimicrobial 
treatment (Taponen et al., 2006). During the dry-period, the majority of CNS infections is 
cured and about 70 % can cure without dry-cow treatment (Rajala-Schultz et al., 2009). 
Another concern of the CNS, which is more and more brought to attention 
nowadays, is the presence of genes coding for antimicrobial resistance within the CNS 
genome (Olsen et al., 2006; Sampimon et al., 2011). In fact, 80 and 14.1 % of the CNS 
tested in a Dutch study harbored the blaZ and the mecA gene, respectively. In the (few) 
cases where treatment of CNS mastitis is required (e. g. when CNS are cause of CM), this 
might pose a therapeutic problem although presence of the genes does not automatically 
imply phenotypic resistance (Sampimon et al., 2011). Of larger impact is the fact that 
CNS can act as reservoir of resistance genes (like mecA, coding for methicillin resistance, 
or blaZ, coding for beta-lactamase production) for S. aureus or other pathogenic bacteria. 
Still, this effect should be examined in detail. Additionally, CNS (potentially carrying 
resistance) from bovines might emanate to humans (Thorberg et al., 2006), forming a 
potential hazard. Species-specific differences in the presence of resistance genes occur 
(Sampimon et al., 2011). 
 
Positive effects of the CNS group. Some advantageous effects of CNS have been 
described. Observational field studies have shown that quarters infected with CNS were 
less at risk for subsequent IMI with major pathogens (Rainard and Poutrel, 1988; Lam et 
al., 1997), attributed to competition or antagonism between different organisms 
(Rainard and Poutrel, 1988). However, this protective effect seems to depend on the 
major pathogens involved, as pre-existing CNS IMI was associated with a decreased 
number of new S. aureus IMI but not of new S. agalactiae IMI (Nickerson and Boddie, 
1994). In the study of Lam and co-workers, a lower number of quarters became infected 
with S. aureus when a minor pathogen was present before, although the effect was 
higher for C. bovis compared to CNS (Lam et al., 1997). Contrarily, the beneficial effect of 
IMI with minor pathogens was not confirmed by Hogan et al. (1988) nor by Zadoks et al., 
(2001). In fact, more IMI with environmental streptococci were noticed in quarters 
infected with either C. bovis or Staphylococcus species, and neither protected quarters 
against IMI with coliforms (Hogan et al., 1988). In vitro work indicated that 
Staphylococcus species were able to inhibit the growth of Gram-positive mastitis 
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pathogens (Woodward et al., 1987; De Vliegher et al., 2004), as did other bacteria 
belonging to the teat flora of heifers (Woodward et al., 1987). Prepartum teat apex 
colonization with S. chromogenes in dairy heifers prior to calving protected against high 
SCC in early lactation (De Vliegher et al., 2003). In a recent study, teat apex colonization 
with CNS prior to calving was indicated as a protective factor against IMI with major 
pathogens in early lactation (Piepers et al., 2011).  
An interesting finding brought to light by several research groups was that CNS 
infected cows were associated with a higher milk yield compared to culture negative or 
non-infected cows (Compton et al., 2007; Schukken et al., 2009; Piepers et al., 2010). 
This effect might be due to a higher susceptibility of high-producing animals to CNS 
infections as is indicated by Gröhn et al. (2004) and Compton et al. (2007), as animals 
with a clinical CNS infection were higher producers prior to the onset of the CM. Still, a 
negative association between CNS IMI at calving and the incidence of CM during 
lactation could have resulted in a decreased loss of milk yield (Piepers et al., 2010). The 
precise explanation and possible practical implications of this finding need to be studied 
further. 
 
Are some CNS species more relevant than others? Again, outlining the impact of 
particular CNS species on udder health is hampered by the frequently used (inaccurate) 
phenotypic identification tools. Another difficulty is that, because of the multitude of 
CNS species, researchers have been forced to make a selection within species or isolates 
because of time and costs involved. Mostly and understandably, the predominant 
species have been used for further research, although other species might be interesting 
to study as well. Therefore, much valuable information remains unavailable.  
Indecisiveness exists on species-specific impact of CNS infections (Jarp, 1991; 
Chaffer et al., 1999; Waage et al., 1999; Zang and Maddox, 2000). No interspecies 
difference in SCC was seen in some studies in which identification was based on 
phenotypic features (Hogan et al., 1987; Watts and Owens, 1989; Jarp, 1991; Chaffer et 
al., 1999), but in other studies using similar identification techniques S. chromogenes, 
(coagulase-negative strains of) S. hyicus, S. simulans, S. epidermidis and S. xylosus were 
put forward as the species with the highest pathogenicity (Waage et al, 1999). In an 
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experimental infection study, high doses of a (phenotypically identified) S. chromogenes 
strain were needed to cause CM and only mild clinical signs were induced (Simojoki et 
al., 2009), indicating that the pathogenic potential of at least this species should not be 
exaggerated.  
Some CNS species might be more relevant than others due to the presence of 
antimicrobial resistance genes. These genes seem to be common in S. cohnii, S. equorum, 
S. fleurettii, and S. sciuri, and to a lesser extend in S. epidermidis, but are rather rare in S. 
chromogenes (Sampimon et al., 2011). The species-specific relevance of antimicrobial 
resistance depends not only on the presence and the onset of genes, but also on the 
prevalence of the particular CNS species. For example, in S. chromogenes, so although 
this species is highly prevalent within the CNS causing IMI, the hazard of antimicrobial 
resistance might be limited. Contrarily, a considerable proportion of the S. cohnii and S. 
epidermidis strains displayed genotypic resistance and these species are also common 
causes of bovine IMI in some herds (Sawant et al., 2009; Sampimon et al., 2011). 
Methicillin resistance has been detected in bovine S. epidermidis strains (Bengston et al., 
2009; Sampimon et al., 2011), which potentially poses a hazard for  public health as S. 
epidermidis strains might be shared between humans and bovines (Thorberg et al., 
2006).  
Potential beneficial effects were studied for CNS as a group (Woodward et al., 1987; 
Piepers et al., 2011), and for S. chromogenes in particular (De Vliegher et al., 2004), but 
to our knowledge, other species have not been investigated in that respect. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
1.5  CONCLUSIONS
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To conclude, CNS are ubiquitously present on the bovine skin and in the 
environment, and are nowadays the most frequently isolated bacteria from bovine milk 
samples. Until recently, identification was done on CNS-group level and, if ever 
performed on species level, with inaccurate phenotypic methods. Therefore, knowledge 
on their exact impact on udder health is scarce. When infecting the mammary gland, the 
CNS group is considered to be minor pathogenic, with the ability to cause a moderate 
rise in SCC but a low potential to induce clinical mastitis. The pathogenic potential 
(major or minor) or possible advantageous effects per CNS species remain unclear, as 
well as infection sources and transmission routes. Using accurate molecular species 
identification methods, the species-specific pathogenicity and the epidemiology per CNS 
species can be unraveled (Fig. 1).  
  
  
 
Figure 1. Overview of (lacks in) knowledge on epidemiology and importance of CNS associated with bovine mastitis, leading to the aims of this thesis. 
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The general aim of this thesis is to expand our knowledge on the epidemiology of 
the different coagulase-negative Staphylococcus (CNS) species involved in bovine 
mastitis, and on their impact on bovine udder health. For that purpose, a molecular 
technique able to differentiate CNS species accurately on one side and at a small expense 
because of the high number of isolates involved on the other side, was needed.  
 
The specific aims of the thesis are: 
 To optimize and validate tRNA-intergenic spacer PCR (tDNA-PCR) combined with 
capillary electrophoresis for accurate and low-cost species identification of 
coagulase-negative staphylococci (CNS) in future field study (Chapter 4). 
 To describe unidentified CNS species from dairy cows encountered throughout the 
field work (Chapter 5.1 and 5.2). 
 To unravel the epidemiology of the different CNS species and their impact on 
udder health in dairy cows 
 by profiling the distribution of CNS species causing intramammary infection 
(IMI) and by gaining more insight in the pathogenic potential of CNS as a 
group and of the most prevalent species (Chapter 6.1), 
 and by profiling the distribution of CNS species in extramammary niches 
related to the milking process (teat apices, milking machine unit liners, and 
milkers’ skin or gloves), in order to identify possible infection sources for IMI 
(Chapter 6.2). 
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ABSTRACT 
Coagulase-negative staphylococci (CNS) are the most frequently isolated bacteria 
in milk samples from cows with and without mastitis. Elucidating their relevance in 
bovine udder health is hampered because identification at species level, if done at all, 
used to be performed based on phenotypic features. In order to provide a rapid, cheap, 
and easy-to-use genotypic technique that can be used to identify CNS species from milk 
and teat apices from cows, the performance of tRNA-intergenic spacer PCR (tDNA-PCR) 
in combination with capillary electrophoresis was evaluated. After updating the tDNA 
library with CNS reference strains, 288 field isolates were identified with tDNA-PCR and 
gene sequencing, and the latter was used as the reference method. The field isolates 
were divided in 2 groups of 144. Isolates of the first group were identified with tDNA-
PCR with a typeability of 81.9% and an accuracy of 94.1%. Peak patterns of these 
isolates were then added to the tDNA library with species identity as determined by 
DNA sequencing. The second group was identified with the updated tDNA library, 
resulting in 91.0% typeability and 99.2% accuracy. This study showed that the updated 
tDNA-PCR in combination with capillary electrophoresis was almost as accurate as gene 
sequencing but faster and cheaper (only $3 per isolate), and is a useful tool in 
observational studies concerning the epidemiology of bovine CNS species. 
 
Keywords: bovine coagulase-negative staphylococci, milk, teat apex, tRNA-
intergenic spacer PCR.  
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INTRODUCTION 
The epidemiology and relevance of coagulase-negative staphylococci (CNS) as 
cause of bovine mastitis is currently under debate. They have become the predominant 
pathogens found in milk samples from dairy cows and (fresh) heifers with and without 
mastitis. Descriptions of their pathogenicity and virulence vary from ‘protective 
organisms’ and ‘harmless commensals’ to ‘cause of subclinical mastitis’ and ‘causes of 
(mild) clinical mastitis’ (Piepers et al., 2007; Taponen et al., 2007; Schukken et al., 2009). 
Considering that there are many CNS species, the conflicting information on the impact 
of bovine CNS on udder health may be related to species specific characteristics. 
Therefore, accurate species identification is a prerequisite to draw conclusions on the 
importance of CNS. Knowledge on the pathogenic or protective significance of individual 
CNS species will help formulate advice to farmers in case treatment or prevention is 
needed. Because commercial identification test kits like StaphZym (Rosco, Taastrup, 
Denmark) and API Staph ID 32 (API Test, bioMérieux, Lyon, France) were designed on 
the basis of human isolates, they may fail to identify CNS isolates of bovine origin 
correctly (Heikens et al., 2005; Jousson et al., 2007; Sampimon et al., 2009). Also, 
interpretation of results from conventional identification schemes and commercial test 
kits for CNS is subjective (Zadoks and Watts, 2009). Molecular identification methods 
offer accurate alternatives and are superior (Jousson et al., 2007). Sequencing of 
housekeeping genes was considered as the gold standard for identification of bacteria, 
including Staphylococcus species (Heikens et al., 2005; CLSI, 2007; Zadoks and Watts, 
2009). For identification of large numbers of isolates alternative methods with similar 
accuracy, but faster turnaround and lower costs are preferable. Analysis of length 
polymorphism of the intergenic spacers between tRNA genes (tRNA-intergenic spacer 
PCR or tDNA-PCR) was used for identification of members of a range of bacterial genera 
(Vaneechoutte et al., 1998; Baele et al., 2000, 2001). The enhancement of the 
discriminatory power by using the combination of tDNA-PCR with capillary 
electrophoresis (CE) has resulted in a higher accuracy (Vaneechoutte et al., 1998; Baele 
et al., 2000, 2001). Nevertheless, this combination has never been used to identify CNS. 
When a PCR machine and CE equipment are available, tDNA-PCR in combination with CE 
is a user-friendly, inexpensive, and rapid method for species identification, provided that 
appropriate software is available for analysis of results. 
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The aim was to update our tDNA library using DNA sequence based identification 
as reference method, and to evaluate the typeability and accuracy of identification of 
CNS species from bovine milk and teat apices by means of tDNA-PCR typing.  
 
MATERIALS AND METHODS 
Sixty-six reference Staphylococcus strains belonging to 27 species (Table 1) were 
used to create a tDNA-PCR fingerprint library. Staphylococcus caseolyticus was also 
included, although this species was reclassified as Macrococcus caseolyticus (Kloos et al., 
1998). In a next step, 288 bovine field isolates were identified using tDNA-PCR and gene 
sequencing. The isolates originated from: 1) teat apex swabs from Flemish and Dutch 
dairy heifers taken between 8 and 2 wk before parturition (n = 95), 2) milk samples 
from Flemish dairy heifers collected between 1 and 4 d after calving (n = 19), and 3) 
milk samples from Dutch dairy cows and heifers suffering from clinical or subclinical 
mastitis (n = 174). All available field isolates were presumptively identified as “CNS” 
according to routine phenotypical procedures following National Mastitis Council 
guidelines (Hogan et al., 1999). Briefly, for analysis of milk samples, an inoculum of 0.01 
mL of milk was spread on an Esculine blood agar plate (Gibco Technologies, Paisley, 
Scotland). Plates were incubated aerobically at 37°C and examined after 24 and 48 h. 
Teat apex swabs were inoculated onto Columbia blood agar plates (Gibco Technologies), 
which were incubated at 37°C and examined after 24 h. Staphylococcus species were 
differentiated from other bacteria by morphology, catalase and coagulase production, 
detection of hemolysis, and other biochemical properties. DNA was prepared by alkaline 
extraction as described by Baele et al. (2000). Supernatants were either directly used as 
DNA extracts for both tDNA-PCR and gene sequencing or stored at - 20°C until further 
use. 
All field isolates were subjected to sequencing of the rpoB gene. An isolate was 
identified when there was 94% or more sequence similarity with GenBank sequences of 
one species (Mellman et al., 2006). If this condition was not fulfilled, additional 
sequencing of hsp60 was performed with a threshold value of 97% for sequence 
similarity. If the hsp60 sequence of an isolate had less than 97% similarity with one of 
the GenBank entries, or if GenBank sequences from multiple species showed more than 
97% similarity as suggested by Zadoks and Watts (2009), 16S rRNA sequencing was 
performed. Criteria used for 16S rRNA sequencing were as described by Jousson et al. 
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(2007), i. e., an isolate was identified when there was 98.7% or more sequence similarity 
with one of the online sequences. If this condition was not fulfilled, sequencing of the tuf 
gene was carried out with interpretation criteria as described for hsp60. Additional 
genes were sequenced in the same order (i. e., hsp60 after rpoB, 16S rRNA after hsp60, 
and tuf after 16S rRNA) if the amplification or sequencing reaction for a gene failed 
despite threefold testing. 
The 3 subsets of isolates from teat apex swabs, Flemish heifer milk samples, and 
Dutch milk samples were randomly divided into 2 groups using an Excel® RAND 
function (Excel 2007, Microsoft Corp., Redmond, Washington). One group (n = 144 
isolates) was used to update the tDNA-PCR library, which only contained information 
from reference strains at that time. In this step, DNA sequence data were used to define 
species identity of each field isolate. Sequences from the first group of isolates that were 
absent in GenBank, were used to update the GenBank sequence database. The second 
group (n = 144 isolates) was used to evaluate the final performance of the tDNA-PCR 
system and library after this update. 
Techniques used to sequence the isolates from milk samples of the Dutch dairy 
cows and heifers were as described by Sampimon et al. (2009). Isolates from teat apices 
and milk of Flemish dairy heifers were analyzed as follows. Sequencing of the rpoB gene 
was performed as described by Drancourt and Raoult (2002) with small modifications, i. 
e., the annealing temperature was 48°C instead of 50°C. The final products were 
separated on a capillary sequencer (ABI Prism 3100 Genetic AnalyzerTM, Applied 
Biosystems, Foster City, California). Forward and reverse sequences were aligned with 
the Vector NTI Advance 10 software (Invitrogen Life Technologies, Merelbeke, Belgium) 
and compared to GenBank sequences available online using nucleotide-nucleotide 
BLAST (http://ncbi.nlm.nih.gov/). Sequencing of the hsp60 gene was performed as 
described by Zadoks et al. (2005) with primers as used by Goh et al. (1997). 
Amplification of the 16S rRNA gene was performed with the primers 5’-AGT TTG ATC 
CTG GCT CAG-3’ and 5’TAC CCT GTT ACG ACT TCG TCC CA-3’. For the 16S sequencing 
reaction, 4 primers were used in combination (5’-GTT GCG CTC GTT GCG GGA CT-3’, 5’-
GTA TTA CCG CGG CTG CG-3’, 5’-CTC CTA CGG GAG GCA GCA GT-3’, and 5’-AAC TCA AAG 
AA TTG ACG G-3’). For sequencing of the tuf gene, primer sequences and PCR conditions 
were as described (Heikens et al., 2005).  
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All 288 field isolates were subjected to tDNA-PCR using the universal primers T5A 
(5’-AGTCCGGTGCTCTAACCAACTGAG-3’) and T3B (5’-AGGTCGCGGGTTCGAATCC-3’) 
(Welsh and McClelland, 1991) to amplify the spacer regions in between tRNA genes. 
Primer T3B consisted of a mixture of 4/5 unlabelled and 1/5 TET-labelled 
oligonucleotides to enable visualization with electrophoresis on a capillary sequencer 
(Vaneechoutte et al., 1998). The PCR mixtures and conditions were as described by 
Baele et al. (2000) with an annealing temperature of 48°C. For CE, the size standard 
mixture, containing 0.3 µL HD-400 and 0.2 µL GS-500 (Applied Biosystems), was 
supplemented with 12 µL of deionized formamide. After adding 1 µL of PCR product, the 
resulting mixture was heated for 3 min at 95°C and cooled on ice for at least 15 min. 
Capillary electrophoresis was performed using an ABI Prism 310 Genetic AnalyzerTM 
(Applied Biosystems) at a constant voltage of 1.5 kV at 60°C. The capillaries were filled 
with Performance Optimized Polymer 4 (Applied Biosystems). The obtained 
electropherograms, after adjusting on the basis of the internal size standards, consisted 
of peaks that represented amplified tRNA-intergenic spacer fragments with a length 
between 50 and 500 bp. Peaks that were lower than 50% of the average peak height 
were eliminated from the sample file derived from the Genescan software (Applied 
Biosystems). The resulting sample files were compared to the library (constructed as 
described below) of tDNA fingerprints of Staphylococcus species, using the in-house 
software as described previously (Baele et al., 2000, 2001; software available upon 
request from the authors). The distance matrix was calculated by the in-house software 
using the differential base pairs algorithm and clustering was done with the Neighbor 
algorithm. Visualisation of dendrograms was carried out with Treeview software 
(http://taxonomy.zoology.gla.ac.uk/rod/treeview.html). 
To construct a library, the 66 reference strains and M. caseolyticus (Table 1) were 
analyzed by tDNA-PCR. Every strain was analyzed twice to exclude small differences 
between analyses. In order to have 1 pattern per species covering different strains per 
species, peaks that were not consistently present in the majority of strains within a 
species were left out of the library (Baele et al., 2000). Each entry consisted of a list of 
numerical values, representing the length of the different intergenic spacers (example 
given in Figure 1).  
To evaluate the performance of tDNA-PCR, typeability and accuracy were 
determined. Typeability was defined as the percentage of isolates that could be assigned 
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to a species by the typing system. Accuracy (defined as the correctness of the 
identification) was determined as the concordance of the tDNA identification with the 
reference method (CLSI, 2007; Zadoks and Watts, 2009). 
 
Table 1. Reference strains used to construct the original tDNA-PCR library1 
Species Human origin Animal origin 
M. caseolyticus - CCM 3540T, CNRS N880066, CNRS N880071 
S. auricularis ATCC 33753T, CNRS N910217 - 
S. capitis ATCC 27840T, ATCC 49326T - 
S. caprae - ATCC 35538T, CNRS N920116 
S. carnosus - DSMZ 20501T 
S. chromogenes - 
LMG 19102, LMG 19103, LMG 19104, LMG 19105, 
CNRS N900352, CNRS N930152, NCTC 10530T 
S. cohnii DSMZ 20260T, CNRS N920176 - 
S. delphini - DSMZ 20771T, CNRS N930206 
S. epidermidis 
CCM 2124T, CNRS N860069, 
CNRS N880212 
CNRS N880062b 
S. equorum - DSMZ 20674T, CNRS N880062a, CNRS N880063 
S. felis - 
CCUG 103366, CNRS N890442, CNRS N890438, 
ATCC 49168T 
S. fleurettii - CCM 4922T 
S. gallinarum - CCM 3572T 
S. haemolyticus 
CNRS N850435, CNRS 
N870222, CCM 2737T 
- 
S. hominis CCM 2732 - 
S. hyicus - LMG 19100, LMG 19101, NCTC 10350T 
S. intermedius - CNRS N920069, CCM 5738, CCM 5739T 
S. lentus - ATCC 29070T 
S. lugdunensis ATCC 43809T - 
S. lutrae LMG 22566T - 
S. saprophyticus CCM 883T, CNRS N930040 - 
S. schleiferi CNRS N910039, CNRS N920247 ATCC 49545T 
S. sciuri CNRS N920212, CNRS N860392 ATCC 29062T, CCM 4657T, CCM 4835T 
S. simulans 
CCM 2705T, CNRS N90050, 
CNRS N850124 
- 
S. vitulinus2 CCM 4481 CCM 4511T 
S. warneri ATCC 27836T, CNRS N850183 - 
S. xylosus CNRS N850267, CNRS N930157 - 
 
1 CCM: Czech Collection of Microorganisms, Prague, Czech Republic; CNRS: Centre National de 
Référence des Staphylocoques, Lyon, France; ATCC: American Type Culture Collection, Rockville, 
MD; DSMZ: Deutsche Sammlung von Mikroorganismen und Zellkulturen, Weringerode, 
Germany; LMG: Laboratory for Microbiology, Ghent University, Ghent, Belgium; NCTC: National 
Collection of Type Cultures, London, United Kingdom; CCUG: Culture Collection, University of 
Göteborg, Göteborg, Sweden; 2 S. pulvereri was reclassified as S. vitulinus in 2004 (Svec et al., 
2004); T Type strain. 
 
  
 
Figure 1. tDNA-PCR fingerprint of 3 Staphylococcus chromogenes strains (a, NCTC 10530T; b, LMG 19103; c, LMG 19105) and the resulting S. 
chromogenes library entry based on these strains The x axis represents the fragment length in base pairs; the y axis represents the peak intensity. 
Only one run per strain was taken in consideration for this example, whereas in the study each strain was run twice.  
 
1 Excluded because not present in majority of strains; 2 Excluded because peak height less than 50% of average. 
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RESULTS AND DISCUSSION 
tDNA-PCR was performed on the first 144 isolates with a typeability of 81.9%. Of 
the 118 isolates identified by tDNA-PCR, 7 isolates (5.9%) belonging to different species 
were misidentified. This resulted in a concordance with gene sequencing of 94.1%. 
When milk and teat apex isolates were considered separately, concordance was 95.2% 
and 91.4%, respectively. After elimination of peaks lower than 50% of the average 
height of all peaks of the pattern of 1 isolate, all patterns were added to the tDNA library 
with species identity as determined by sequencing. Every field isolate accounted for 1 
entry. After updating the tDNA library, the second group of field isolates was analyzed. 
Both typeability and accuracy improved considerably, namely 91.0% and 99.2% (98.9% 
for milk and 100% for teat apex isolates), respectively. One isolate (0.7%) was 
misidentified; S. chromogenes was identified as M. caseolyticus (Table 2). These results 
indicate that tDNA-PCR was almost as accurate as gene sequencing for the identification 
of CNS field isolates. Also, the assumption that differences in genetic profiles between 
isolates of varying hosts and origins can occur (Zadoks and Watts, 2009) was supported 
by the results, i. e., tDNA-PCR scored better after adding field isolate patterns to the 
database. Libraries containing only type strains of human origin, which account for the 
greater part of most culture collections, were not sufficient to identify veterinary 
isolates. As the tDNA library did not contain the pattern of S. nepalensis, a recently 
described species (Spergser et al., 2003), tDNA-PCR was not able to identify this species. 
Still, it was found in cow’s milk based on gene sequencing results. Afterwards, the tDNA 
library was supplemented with this species by adding the peak pattern of the well-
identified S. nepalensis field strain. This shows one of the advantages of online 
databases: they can be supplemented with data from studies over the world in a 
straightforward manner (CLSI, 2007; Zadoks and Watts, 2009). International 
cooperation would be valuable to determine whether the same tDNA library can be used 
in different laboratories over the world for other batches of Staphylococcus field isolates 
from bovine or other origins. This would indicate the usefulness of an online available 
tDNA library. Nonetheless, caution is needed when using online available reference data 
because the identification of deposited entries can be incorrect (Heikens et al., 2005; 
CLSI, 2007). In this study, sequences of the first group of isolates were analyzed twice: 
first comparing the field isolates with online sequences of only reference strains, and 
then with all available sequences in the GenBank database. Because no difference in 
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sequencing accuracy was seen, it was concluded that not only data from reference 
strains should be used for sequencing analysis. Therefore, the complete GenBank 
database was used when analyzing the second group of isolates.  
To update the tDNA library with CNS field isolates and to evaluate the technique, 
gene sequencing was used as the reference method. The typeability of successive 
sequencing of 4 genes for the isolates of the first group was 95.1%.  Sequence data that 
did not match our criteria for species identification, but that could be associated with a 
specific CNS species based on sequencing of additional genes, were added to GenBank. 
After this was done, typeability based on sequence data for the second group of 144 
isolates was 98.6%. A disadvantage of tDNA-PCR might be the lower typeability (91.0%) 
compared to sequencing, but the latter is only obtained after successive sequencing of 4 
genes, i. e., rpoB, hsp60, 16S rRNA, and tuf. When only rpoB sequencing was considered, 
88.2% could be given identification, which was lower than the updated tDNA-PCR. The 
rpoB sequencing typeability was lower than expected. This was partly due to laboratory 
difficulties, i. e., no amplification or a failed sequencing reaction, even after threefold 
testing starting from a new DNA extract. Because tDNA-PCR was scrutinized in this 
study, reasons for laboratory failure for sequencing procedures were not investigated. In 
this study, threshold values for tDNA-PCR to identify an isolate as a certain CNS species 
based on Treeview results were set at a minimum of 80%. Setting a more tolerant value 
as threshold, e. g., at 50%, as was done by Taponen et al. (2007) for amplified fragment 
length polymorphism (AFLP) clusters, would decrease the number of unidentifiable 
isolates. Yet, this would decrease the accuracy of differentiating CNS isolates belonging 
to closely related species, and this could be of more concern than limited typeability 
(Zadoks and Watts, 2009). In order to deal with somewhat lower typeability of tDNA-
PCR (or other techniques) without loss of accuracy, we would suggest performing 
additional molecular tests if necessary, e. g., sequencing of 1 or more housekeeping 
genes.  
To evaluate the practical usefulness in field studies with large numbers of isolates, 
the hands on time of both techniques were compared. Starting from 48 pure cultures, 
hands on time was 3.5 and 8 h for tDNA-PCR and sequencing, respectively, although 
higher automation could reduce the hands on time of sequencing to 4 h. Within 24 h, 
tDNA results were available for up to 48 isolates (starting from pure cultures). 
Calculated costs for reagents and kits as used were less than $3 per isolate for tDNA-PCR 
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compared to $27 for rpoB sequencing (starting from DNA extract), although the cost of 
gene sequencing can be variable depending on laboratory circumstances ($15 to $27). 
The low cost, ease of use, and speed, without substantial loss of accuracy compared to 
gene sequencing, were the greatest benefits of tDNA-PCR. Other PCR based methods like 
amplified fragment length polymorphism (AFLP) analysis were used successfully for the 
identification of Staphylococcus species (Taponen et al., 2007). Those methods were 
more labor intensive and expensive, and validation was lacking. Species specific PCR 
was developed for some CNS species from animal and human origin (Voytenko et al., 
2006; Iwase et al., 2007), but these approaches should be tested on more and larger 
datasets. Ultimately, species specific PCR could be developed, if needed, for the most 
relevant bovine CNS species. 
In total, gene sequencing was unable to identify 15 out of 288 isolates to the 
species level, of which 11 were closely related based on their sequence similarities. 
tDNA-PCR recognized these as belonging to a separate species. Further study is ongoing 
to confirm this is a previously undescribed species. All new nucleotide sequences 
generated were deposited in the GenBank database under accession numbers FJ 234211 
and FJ 389223 to FJ 389239 for rpoB, FJ 234212 and FJ 389210 to FJ 389222 for hsp60, 
FJ 389197 to FJ 389209 for 16S rRNA, and FJ 389240 to FJ 389249 for tuf sequences. 
To our knowledge, the present paper was the first in which tDNA-PCR was 
combined with CE for the identification of bovine CNS using a manually constructed 
library based on type strains and updated with field isolates identified by means of a 
reference technique (gene sequencing). The use of CE made it possible to detect 
differences in fragment length as small as 1 base pair, enhancing the discriminatory 
power considerably (Vaneechoutte et al., 1998; Turenne et al., 1999), especially for the 
identification of closely related species. The use of a capillary with liquid polymer 
instead of an agarose or polyacrylamide gel slab for the electrophoresis reduced 
variation due to differences in the porosity of the gel (Maes et al., 1997; Taponen et al., 
2007). The transformation of peak patterns into numerical values, i. e., the automated 
digitization, enabled comparison with a library, eliminating subjective visual 
interpretation of peak or band patterns. Considering that the combination of tDNA-PCR 
with CE was almost as accurate, but faster, easier to use, and cheaper than gene 
sequencing, we conclude that this combination is a useful tool in large scale 
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observational studies aimed at elucidating the importance and epidemiology of bovine 
CNS species. 
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Table 2. Comparison of the identification of coagulase-negative Staphylococcus isolates (n = 144) from bovine milk and teat apices as obtained by  
tDNA-PCR and gene sequencing (rpoB, hsp60, 16S rRNA and tuf genes) 
 Sequencing identification 
tDNA-identification N
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No identification (No ID) 2 1  3  1   1 1 1  1   1 1  13 
M. caseolyticus (cas)  3  1               4 
S. capitis (cap)   3                3 
S. chromogenes (chro)    47               47 
S. cohnii (coh)     2              2 
S. epidermidis (epi)      11             11 
S. equorum (eq)       10            10 
S. fleurettii (fleu)        4           4 
S. haemolyticus (hae)         7          7 
S. hyicus (hyi)          8         8 
S. nepalensis (nep)                   0 
S. saprophyticus (sap)            1       1 
S. sciuri (sci)             8      8 
S. simulans (sim)              4     4 
S. succinus (suc)               3    3 
S. warneri (war)                3   3 
S. xylosus (xyl)                 10  10 
Staph spp. X (X) 1                  6 6 
Total 2 4 3 51 2 12 10 4 8 9 1 1 9 4 3 4 11 6 144 
 
1 Sequencing and tDNA-PCR results indicated that these isolates belong to an undescribed species, for which further study is ongoing. 
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ABSTRACT 
Ten non-motile, Gram-positive, coagulase-negative staphylococci were isolated 
from bovine milk and teat apices. All isolates are catalase-positive with ai-C15:0, i-C15:0, 
ai-C17:0, i-C17:0, and C18:0 as predominant fatty acids, and diphosphatidylglycerol and 
phosphatidylglycerol as major polar lipids. The results of sequence analysis of the 16S 
rRNA gene and four housekeeping genes (rpoB, hsp60, tuf, and dnaJ) in combination 
with tRNA-intergenic spacer length analysis show that the isolates form a separate 
branch within the genus Staphylococcus. Based on 16S rRNA sequencing, the 
phylogenetically most closely related species are S. haemolyticus, S. hominis and S. 
lugdunensis with > 98.7% sequence similarity. The DNA G+C content varies from 33.3 to 
33.7 mol%, and DNA-DNA hybridizations with the nearest neighbours, based on 16S 
rRNA gene sequences, confirm that they represent a new Staphylococcus species. All 
isolates induce a small zone of complete haemolysis on Columbia agar with 5 % sheep 
blood, and have a homogeneous biochemical fingerprint that is discriminative from the 
phylogenetically most closely related species. Based on these results it is proposed to 
classify the ten isolates as Staphylococcus devriesei sp. nov., with strain KS-SP 60T (LMG 
25332T, CCUG 58238T) as the type strain.  
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INTRODUCTION 
In well-managed dairy farms in many parts of the world, coagulase-negative 
staphylococci (CNS) have become the predominant pathogens in milk samples from 
cows (Piepers et al., 2007; Schukken et al., 2009). Recent publications report on 
subclinical/clinical mastitis due to CNS (Gillespie et al., 2009), but beneficial effects have 
also been suggested (De Vliegher et al., 2003, 2004; Schukken et al., 2009). Transfer 
RNA-intergenic spacer PCR (tDNA-PCR) has been shown useful for rapid, inexpensive 
and accurate identification of CNS at the species level (Supré et al., 2009). During a 
recent validation study applying the latter technique to 288 bovine field isolates from 
milk and teat apices, ten CNS isolates remained unidentified. The tDNA-PCR patterns of 
these isolates were highly similar to each other and closely related to those of S. capitis, 
S. simulans, S. haemolyticus and S. xylosus, but they formed a well defined separate 
cluster (Fig. 1), indicating that the ten isolates could represent an undefined 
Staphylococcus species. The aim of this study was to further characterize these isolates 
and to determine whether they constitute a hitherto unknown CNS species. 
 
METHODOLOGY AND RESULTS 
The ten isolates originated from six animals from five herds in Belgium and the 
Netherlands. One isolate originated from milk of a subclinical infection of the udder (KS-
SP 11) and nine originated from teat apices (Table 1).  
The isolates were preliminary identified as CNS following the guidelines of the 
NMC (a global organization for mastitis control and milk quality), including 
determination of catalase and coagulase activity, and detection of haemolysis (Hogan et 
al., 1999). 
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Figure 1. Dendrogram constructed on the basis of tRNA-intergenic spacer PCR (UPGMA-
algorithm), showing the position of S. devriesei sp. nov. (in bold) amongst representatives of the 
genus Staphylococcus. Bar represents 10 % divergence in peak pattern. 
 
 
† KS-OS strains are field isolates with sequence based species identification and used if type 
strains for the species were not available for tRNA-intergenic spacer PCR. (Supré et al., 2009); * 
Former type strain of S. pulvereri.   
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Table 1. Overview of the geographic origin and source of isolation of the S. devriesei sp. nov. 
isolates. 
Isolate Country Source Herd/animal* 
KS-SDV 16 The Netherlands Teat apex A 1 
KS-SDV 19 The Netherlands Teat apex B 2 
KS-SP 11 (LMG 25298, CCUG 58239) Belgium Milk C 3 
KS-SP 16 Belgium Teat apex C 4a 
KS-SP 18 Belgium Teat apex C 4b 
KS-SP 20 Belgium Teat apex C 4c 
KS-SP 27 Belgium Teat apex D 5 
KS-SP 60T (LMG 25332T, CCUG 58238T) Belgium Teat apex E 6a 
KS-SP 65 Belgium Teat apex E 6b 
KS-SP 66 Belgium Teat apex E 6b 
 
* A to E; 1 to 6; a to c: different herds, animals, and teats within animals, respectively. 
 
After aerobic incubation at 35 °C for 24 h and 48 h on Colombia agar with 5 % 
sheep blood (Oxoid, Basingstoke, UK), all ten isolates showed a homogeneous growth. 
After 48 h of incubation, colonies were circular with a diameter of 3 to 4 mm, smooth 
and glistening, and they showed a small zone (1 mm) of complete haemolysis. The 
majority of the colonies were grey-yellow but KS-SP 27, KS-SP 66 and KS-SDV 16 were 
yellow, and KS-SP 20 and KS-SP 65 showed a yellow to orange pigmentation. Incubation 
at 42 °C resulted in larger colonies, whereas incubation at 25 °C and in anaerobic 
conditions resulted in smaller colonies. All isolates were catalase-positive. Gram-
staining and phase-contrast microscopy showed typical staphylococcal, non-spore-
forming and non-motile Gram-positive cells, occurring in pairs and small clusters. 
The cellular fatty acid patterns of the ten isolates were determined as described 
previously (Mergaert et al., 2001). Cells were harvested from cultures grown on 
Trypticase soy agar (BBL 11768) at 28 °C for 24 h. All ten isolates possessed very 
similar fatty acid profiles and the mean profile consisted of ai-C15:0 (48.2%), ai-C17:0 
(19.1%), i-C17:0 (6.1%), C18:0 (5.9%), i-C15:0 (5.1%), C20:0 (3.6%), ai-C19:0 (3.3%), i-C16:0 
(2.5%), i-C19:0 (1.9%), i-C14:0 (1.5%), C16:0 (1.4%) and i-C18:0 (1.1%), which corresponds 
to that of other CNS (Kotilainen et al., 1991).  
Polar lipids were extracted and separated by using two dimensional thin-layer 
chromatography according to Tindall (1990 a, b). The total lipid profile was visualized 
by spraying with molybdatophosphoric acid and further characterized by spraying with 
Staphylococcus devriesei sp. nov. 
 
73 
 
ninhydrin (specific for amino groups), molybdenum blue (specific for phosphates) and 
α-naphtol (specific for sugars). Biomass used for the extraction was grown on 
Trypticase soy agar (BBL 11768) at 28°C for 24h. The polar lipid profiles of the three 
representative isolates tested, KS-SP 11, KS-SP 60T and KS-SDV 19, were very similar. 
They consisted of the major lipids diphosphatidylglycerol and phosphatidylglycerol. 
Moderate amounts of three unknown glycolipids, of which two corresponded with GL1 
and GL2 as described by Nahaie (1984), were detected. Also, minor to trace amounts of 
unknown aminolipids were observed. These profiles are in agreement with other 
Staphylococcus species profiles (Nahaie et al., 1984, Novakova et al., 2009). 
An almost complete fragment of the 16S rRNA gene and partial fragments of the 
housekeeping genes coding for the β-subunit of the RNA polymerase (rpoB), the heat 
shock protein 60 (hsp60), the elongation factor tu (tuf) and the heat shock protein dnaJ 
(dnaJ), were amplified and sequenced according to previously described procedures 
(for rpoB, hsp60 and tuf, Supré et al., 2009; for dnaJ, Shah et al. 2007), except that other 
primers were used for 16S rRNA gene sequencing (Mergaert et al., 2001; Coenye et al., 
1999) (Table 2). Forward and reverse sequences were aligned with the Vector NTI 
Advance 10 software (Invitrogen Life Technologies) and compared to GenBank 
sequences via the nucleotide-nucleotide BLAST algorithm (http://ncbi.nlm.nih.gov/). 
For the alignment of the nucleotide sequences the CLUSTAL W program (Thompson et 
al., 1994) was used. Neighbor-joining and maximum parsimony (Saitou & Nei, 1987) 
trees were obtained with the PHYLIP program (Felsenstein, 1989) and drawn with the 
software TREEVIEW (http://taxonomy.zoology.gla.ac.uk/rod/treeview.html). DNADIST 
was utilized for distance analysis, according to the Kimura two-parameter model 
(Kimura, 1980). Bootstrap values were determined based on 1000 replications. 
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Table 2. Primers used for amplification and sequencing of fragments of the 16S rRNA gene and 
the housekeeping genes dnaJ, rpoB, hsp60 and tuf. 
Gene Amplification primers (5'-3') Sequencing primers (5'-3') 
16S rRNA 16F27: AGA GTT TGA TCC TGG CTC AG 16F358: CTC CTA CGG GAG GCA GCA GT 
 16R1522: AAG GAG GTG ATC CAG CCG CA 16F536: CAG CAG CCG CGG TAA TAC 
  16F926: AAC TCA AAG GAA TTG ACG G 
  16F1112: AGT CCC GCA ACG AGC GCA AC 
  16F1241: GCT ACA  CAC GTG CTA CAA TG 
  16R339: ACT GCT GCC TCC CGT AGG AG 
  16R519: GTA TTA CCG CGG CTG CTG GCA 
  16R1093: GTT GCG CTC GTT GCG GGA CT 
dnaJ SA(F): GCC AAA AGA GAC TAT TAT GA SA(F): GCC AAA AGA GAC TAT TAT GA 
 SA(R): ATT GYT TAC CYG TTT GTG TAC C SA(R): ATT GYT TAC CYG TTT GTG TAC C 
rpoB 2643F: CAA TTC ATG GAC CAA GC As for amplification 
 3241R: GCI ACI TGI TCC ATA CCT GT  
hsp60 H279A: GAI III GCI GGI GAY GGI ACI ACI AC As for amplification 
 H280A: YKI YKI TCI CCR AAI CCI GGI GCY TT  
tuf tufF: GCC AGT TGA GGA CGT ATT CT As for amplification 
 tufR: CCA TTT CAG TAC CTT CTG GTA A  
 
The discriminatory power of the 16S rRNA gene is limited in the genus 
Staphylococcus (CLSI, 2007; Shah et al., 2007), whereas the housekeeping genes rpoB, 
hsp60, tuf, and dnaJ, show more variation and can be preferred over 16S sequencing for 
species identification (Zadoks and Watts, 2009). The cut-off values previously reported 
for species identification were 98.7 % for 16S rRNA (Jousson et al., 2007), 94 % for rpoB 
(Mellman et al., 2006) and 97 % for hsp60, tuf and dnaJ (CLSI, 2007). For each of the 
genes, the sequences of the ten isolates were compared against each other. Within each 
gene, the sequence similarities were high, namely 99.6 to 100 % for the 16S rRNA gene 
sequences, 99.1 to 100 % for the dnaJ gene sequences, 99.7 to 100 % for the rpoB gene 
sequences, 98.6 to 100 % for the hsp60 gene sequences, and 99.6 to 100 % for the tuf 
gene sequences. The overall mean intra-species divergence per housekeeping gene was 
0.7 %, which is within the variability noticed for Staphylococcus species (Shah et al., 
2007). The high similarities therefore indicate that the isolates probably belong to a 
single species. Neighbor-joining phylogenetic trees based on 16S rRNA (Fig. 2) and dnaJ 
(Fig. 3) gene sequences were constructed. The phylogenetic position of the ten isolates 
was in the genus Staphylococcus confirming the previous data. The topology of the 
maximum parsimony tree was comparable (data not shown). Sequencing of all 5 genes 
revealed seven different species to be the closest relatives, namely S. haemolyticus, S. 
Staphylococcus devriesei sp. nov. 
 
75 
 
hominis, S. lugdunensis, S. pasteuri, S. warneri, S. caprae and S. piscifermentans (data not 
shown). Partial phylogenetic trees for the rpoB, hsp60 and tuf gene, in which the 
unknown cluster and only these closest relatives were included, are shown in Figure 4. 
Because S. piscifermentans was at a distant position from the unknown cluster in the 
16S tree (Fig. 2), this species was not included in the partial trees. Within each gene, 
sequences of the unknowns were compared to the three 16S based closest relatives (S. 
haemolyticus, S. hominis, and S. lugdunensis) and similarities were calculated (Table 3). 
The similarities obtained were below the cut-off values previously used for species 
identification, which suggests that the isolates represent a novel Staphylococcus species.  
In some phylogenetic trees, namely in those based on 16S rRNA, dnaJ and hsp60 
gene sequences, the isolates formed a cluster divided into subclusters with KS-SDV 19 
belonging to the smallest subcluster (Fig. 2, Fig. 3 resp. 4 b). Therefore, three of the 
unknown isolates (KS-SP 11, KS-SP 60T and KS-SDV 19), taken from the subclusters and 
covering the total branch of the isolates in all sequencing trees, were selected for DNA-
DNA hybridizations. Hybridization was performed with the type strains of the three 
phylogenetically most closely related species based on 16S rRNA gene sequence 
analysis (S. haemolyticus LMG 13349T, S. hominis LMG 13348T and S. lugdunensis LMG 
13346T). DNA was extracted as described by Gevers et al. (2001). DNA-DNA 
hybridizations were carried out according to a modification of the microplate method 
(Ezaki et al., 1989) as detailed by Goris et al. (1998) and Cleenwerck et al. (2002). The 
hybridization temperature was 34 °C. Reciprocal reactions (e. g. A x B and B x A) 
showed variations within the limits of the method, i. e. mean standard deviation of ± 7 
% (Goris et al., 1998). DNA-DNA hybridizations revealed 97 - 99% DNA binding 
between the isolates KS-SP 11, KS-SP 60T and KS-SDV 19. Although KS-SDV 19 belonged 
to a different subcluster based on 16S, dnaJ and hsp60, it showed similarly high 
hybridization with KS-SP 11 and KS-SP 60T and therefore, hybridization of this strain 
with other species was not deemed necessary. There was a low level of DNA binding 
between isolates KS-SP 11 and KS-SP 60T, and the type strains of S. haemolyticus LMG 
13349T (17 %), S. hominis LMG 13348T (23 %) and S. lugdunensis LMG 13346T (27 %). 
These data indicate that the ten isolates belong to a single novel species within the 
genus Staphylococcus (Wayne et al., 1987). 
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Figure 2. Phylogenetic tree, constructed using the neighbour-joining method, based on the 16S 
rRNA gene sequences of S. devriesei sp. nov. (in bold) and online available reference sequences 
of Staphylococcus species. Macrococcus caseolyticus was chosen as outgroup. Bootstrap values, 
calculated from 1000 re-samplings, are given at the nodes if higher than 70 %. Bar represents 1 
% sequence divergence.  
 
* Former type strain of S. pulvereri.   
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Figure 3. Phylogenetic tree, constructed using the neighbour-joining method, based on the dnaJ 
gene sequences of S. devriesei sp. nov. (in bold) and online available reference sequences of 
Staphylococcus species. Staphylococcus sciuri subspecies sciuri was chosen as outgroup because 
its distance with S. devriesei based on the 16S rRNA phylogeny. Bootstrap values, calculated 
from 1000 re-samplings, are given at the nodes if higher than 70 %. Sequencing of KS-SP 66 and 
KS-SDV 16 failed after threefold testing, and these sequences were therefore not included in this 
analysis. Bar represents 10 % sequence divergence.  
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Table 3. Mean percentage and range of the intra-species sequence similarity of the ten strains of 
S. devriesei sp. nov., inter-species sequence similarities of the ten S. devriesei sp. nov. strains with 
the three phylogenetically most closely related species (based on the 16S rRNA gene sequence; 
S. haemolyticus, S. hominis and S. lugdunensis), and cut-off values in percentages for each of the 
aforementioned genes as cited in literature (* Jousson et al., 2007; † CLSI, 2007; ‡ Mellman et al., 
2006). 
 16S rRNA dnaJ rpoB hsp60 tuf 
S. devriesei  
99.9 
(99.6 - 100) 
99.6 
(99.1 - 100) 
99.9 
(99.7 - 100) 
99.6 
(98.6 - 100) 
99.9 
(99.6 - 100) 
S. haemolyticus 
(LMG 13349T) 
99.2 
(98.6 - 99.3) 
83.4 
(82.8 - 84.0) 
92.4 
(92.0 - 93.3) 
90.0 
(88.3 - 91.6) 
95.5 
(94.6 - 98.4) 
S. hominis 
(LMG 13348T) 
98.9 
(98.8 - 98.9) 
82.6 
(82.2 - 82.9) 
90.7 
(90.4 - 91.1) 
89.5 
(88.2 - 91.2) 
94.5 
(93.3 - 96.9) 
S. lugdunensis 
(LMG 13346T) 
98.8 
(98.8 - 98.9) 
80.2 
(79.8 - 80.9) 
89.4 
(89.0 - 90.4) 
87.4 
(86.0 - 89.3) 
94.1 
(93.0 -97.6) 
Cut-off 98.7* 97.0† 94.0‡ 97.0† 97.0† 
 
The DNA base composition (mol%) of KS-SDV 16, KS-SP 11, KS-SP 16, KS-SP 20 
and KS-SP 60T was determined by HPLC in triplicate, according to Mesbah et al. (1989), 
using DNA extraction procedures as described by Gevers et al. (2001). The DNA G+C 
content of KS-SDV 16, KS-SP 11, KS-SP 16 and KS-SP 20 was 33.7 mol%, and of KS-SP 60T 
33.3 mol%. The DNA base composition range is lower than 2 % as generally accepted 
within a single species and consistent with that of members of the genus Staphylococcus 
(Kocur et al., 1971). 
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 Figure 4. Phylogenetic trees, constructed using the neighbour-joining method, based on (a) 
rpoB ; (b) hsp60, and (c) tuf gene sequences of S. devriesei sp. nov. (in bold) and online available 
reference sequences of the phylogenetically most closely related Staphylococcus species based 
on the comparison of sequences of 16S rRNA and four housekeeping genes (dnaJ, rpoB, hsp60, 
and tuf) with GenBank entries. Staphylococcus sciuri subspecies sciuri was chosen as outgroup. 
Bootstrap values, calculated from 1000 re-samplings, are given at the nodes if higher than 70 % 
(not exceeding 70 % for tuf). Bars represent 10 % sequence divergence. Sequencing of the rpoB 
gene of KS-SP 20, hsp60 gene of KS-SP 27 and KS-SP 66, and tuf gene of KS-SP 16, KS-SP 65, and 
KS-SP 66 failed after threefold testing, and these sequences were therefore not included in this 
analysis. 
  
a b
c
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Phenotypic characteristics of all ten isolates were obtained using the API 50 CH® 
with CHB/E medium (bioMérieux, France), API Staph ID 32® (bioMérieux, France) and 
Staph Zym® (Rosco, Taastrup, Denmark) test kits. Tube coagulase (Coagulase plasma; 
Difco Laboratories, Detroit, MI) and clumping factor (Devriese, 1979) were examined. 
Desoxyribonuclease reaction was assessed using DNase agar (Oxoid, Basingstoke, UK) 
(Devriese and Van de Kerckhove, 1979). The phenotypic features of the ten isolates 
were compared with those of the three phylogenetically most closely related species 
based on 16S rRNA gene sequences (S. haemolyticus, S. hominis, and S. lugdunensis). 
Differentiating biochemical characteristics are listed in Table 4, and individual 
phenotypes of each isolate in Table 5. Tube coagulase, clumping and desoxyribonuclease 
reaction were negative for all isolates. All isolates were considered sensitive to 
novobiocin.  
 
Table 4. Phenotypic characteristics of S. devriesei sp. nov. compared with the phylogenetically 
most closely related Staphylococcus species based on sequence analysis of the 16S rRNA gene. 
Data for reference taxa were obtained from Freney et al. (1999). +, 90% or more isolates are 
positive; -, 90% or more isolates are negative; a, 11 – 50 % of the isolates are positive; b, 51 – 89 
% of the isolates are positive; c, 11 – 89 % of the isolates are positive; nd, not done; [ ], test 
reaction of type strain KS-SP 60T (LMG 25332T, CCUG 58238T).  
Test 
S
. d
ev
ri
es
ei
 
S.
 h
a
em
o
ly
ti
cu
s 
S.
 h
o
m
in
is
 
S.
 lu
g
d
u
n
en
si
s 
Arginine dihydrolase + + c - 
Beta-glucosidase + c - nd 
Acid production from:     
     - D-mannitol b [+] c - - 
     - D-mannose a [-] - - + 
     - D-melezitose b [+] - c nd 
     - D-ribose + c - - 
Nitrate reduction  a [-] c c + 
Urease b [+] - + c 
 
In conclusion, the data of this study demonstrate that the ten isolates are members 
of a new Staphylococcus species, for which the name Staphylococcus devriesei sp. nov. is 
proposed. In ongoing field studies in Belgium, additional isolates belonging to this 
species have been detected in milk and on teat apices of dairy heifers and cows.  
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DESCRIPTION OF STAPHYLOCOCCUS DEVRIESEI SP. NOV. 
Staphylococcus devriesei (de.vrie’se.i., N.L. masc. gen. n. devriese, of Devriese, 
named in honor of the Belgian microbiologist Dr. Luc A. Devriese for his contribution to 
the taxonomy of staphylococci). This species description is based on the characteristics 
of nine isolates originating from teat apices and one isolate originating from milk of 
dairy cows.  
Cells are Gram-positive cocci, non-spore-forming, and occur in pairs or small 
clusters. Colonies are 3 – 4 mm in diameter after 48 h growth on Colombia blood agar 
with 5 % sheep blood at 35 °C, have a zone of complete heamolysis of 1 mm, are grey-
yellow, yellow or yellow-orange pigmented, smooth, and glistening. They are coagulase- 
and oxidase-negative and catalase-positive. Alkaline phosphatase, amidon utilization, β-
glucuronidase, and β-galactosidase is negative. Acid is produced from D-galactose, D-
lactose, D-ribose, D-saccharose, D-turanose, D-fructose, D-maltose, D-trehalose and L-
sorbose. There is no acid production from D-melibiose, L-fucose, L-rhamnose, 
amygdaline, D-adonitol, arabinose, arabitol, D-cellobiose, D-fucose, D-lyxose, D-raffinose, 
D-sorbitol, D-tagatose, xylose, erythritol, gentobiose, salicine and xylitol. Utilization of 
glycogen, dulcitol, inositol, inuline, potassium-2-ketogluconaat, K-5-ketogluconate, 
pyrrolidonyl aminopeptidase, methyl-αD-mannopyranoside, methyl-βD-xylopyranoside 
and methyl-αD-glycopyranoside is negative. Acid is not produced from D-mannose for 
80 % of the strains. A variable acid production is seen from D-mannitol (80 % positive), 
D-melezitose (70 % positive) and glycerol (90 % positive). Esculine–Fe citrate reaction 
is weakly positive for 90 %, the remaining 10 % is negative. Oxidation and fermentation 
of D-glucose is positive for all tested isolates. Utilization of acetyl-methyl-carbinol, 
arginine dihydrolase and β-glucosidase reactions are positive. Variable reactions are 
detected for the utilization of arbutine (40 % positive) and K-gluconate (70 % positive), 
N-acetylglucosamide (70 % positive) and urease (60 % positive) activities, as well as 
reduction of nitrate (40 %). The major fatty acids are ai-C15:0, i-C15:0, ai-C17:0, i-C17:0 and 
C18:0. 
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Table 5. Phenotypic characteristics of the ten individual S. devriesei sp. nov. strains. * LMG 
25298, CCUG 58239; † LMG 25332T, CCUG 58238T; (+), weakly positive reaction. 
Test 
K
S
-S
P
 1
1
*  
K
S
-S
P
 1
6
 
K
S
-S
P
 1
8
 
K
S
-S
P
 2
0
 
K
S
-S
P
 2
7
 
K
S
-S
P
 6
0
T
†
 
K
S
-S
P
 6
5
 
K
S
-S
P
 6
6
 
K
S
-S
D
V
 1
6
 
K
S
-S
D
V
 1
9
 
Arginine dihydrolase + + + + + + + + + + 
Beta-glucosidase + + + + + + + + + + 
Beta-glucuronidase - - - - - - - - - - 
Acid production from           
     - D-galactose + + + + + + (+) (+) + + 
     - D-lactose + + + + + + + + + + 
     - D-mannitol + (+) + - (+) + - + (+) (+) 
     - D-mannose - - - - + - - - - + 
     - D-melezitose (+) - (+) (+) - + - (+) + (+) 
     - D-melibiose - - - - - - - - - - 
     - D-ribose (+) (+) (+) (+) + (+) (+) (+) (+) + 
     - D-saccharose  + + + + + + + + + + 
     - D-turanose + + + + + + + + + + 
     - Glycerol (+) (+) - (+) (+) + (+) (+) (+) (+) 
     - L-fucose - - - - - - - - - - 
     - L-rhamnose - - - - - - - - - - 
Utilization of            
     - Dulcitol - - - - - - - - - - 
     - Esculine - Fe citrate (+) (+) - (+) (+) (+) (+) (+) (+) (+) 
     - K-5-ketogluconate - - - - - - - - - - 
     - K-gluconate (+) - (+) (+) (+) - (+) (+) (+) - 
     - N-acetylglucosamide (+) (+) (+) - (+) - - (+) (+) (+) 
     - Arbutine  (+) (+) (+) - - - - - - (+) 
Nitrate reduction  + + + + - - - - - - 
Pyrrolidonyl 
aminopeptidase 
- - - - - - - - - - 
Urease + + + - - + + + - - 
 
The type strain, KS-SP 60T (LMG 25332T, CCUG 58238T), was isolated from the teat 
apex of a Belgian dairy heifer. Its characteristics are in agreement with those given in the 
species description. In addition, KS-SP 60T is positive for acid production from D-
mannitol, D-melezitose and glycerol; acid is not produced from D-mannose; esculine–Fe 
citrate reaction is weakly positive; utilization of K-gluconate, N-acetylglucosamide and 
arbutine is negative; utilization of urease is positive; nitrate is not reduced. The DNA 
G+C content of the type strain is 33.3 mol%. 
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APPENDIX 
The GenBank accession numbers for the isolates KS-SDV 16 and 19, and KS-SP 11 
(LMG 25298, CCUG 53239), 16, 18, 20, 27, 60T (LMG 25332T, CCUG 58238T), 65, and 66 
were (in this order) as follows: for rpoB gene sequences: FJ 389223 to FJ 389225, FJ 
389227 to FJ 389230, and FJ 389232 to FJ 389234 (failed reaction for KS-SP 20); for 
hsp60 sequences: FJ 389210, FJ 389211, and FJ 389215 to FJ 389220 (failed reaction for 
KS-SP 27 and 66); for tuf sequences: FJ 389240 to FJ 389242, FJ 389244 to FJ 389246, 
and FJ 389248 (failed reaction for KS-SP 16, 65, and 66); for dnaJ gene sequences: FJ 
907448 to FJ 907455 (failed reaction for KS-SDV 16 and KS-SP 66); and for 16S rRNA 
gene sequences: FJ 938168, FJ 389197, FJ 389198, FJ 389200 to FJ 389203, and FJ 
389206 to 389208. 
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ABSTRACT 
Thirteen Gram-positive coagulase-variable staphylococci were isolated from 
subclinical and mild clinical mastitic bovine milk (n = 12) and a teat apex (n = 1). The 
results of sequence analysis of the 16S rRNA gene and two housekeeping genes, rpoB 
and tuf, and DNA fingerprinting with amplified fragment length polymorphism (AFLP) 
analysis show that the isolates form a separate branch within the genus Staphylococcus. 
The phylogenetically most closely related species are S. hyicus and S. chromogenes. The 
DNA-DNA hybridizations with S. hyicus and S. chromogenes confirm that the isolates 
belong to a separate species. The predominant fatty acids were i-C15:0 (50.6 %), ai-
C15:0 (18.7 %), i-C17:0 (8.9 %) and C20:0 (6.1 %), and the peptidoglycan type A3α L-
Lys – Gly5. Based on the results of genotypic and phenotypic analyses it is proposed to 
classify the thirteen isolates as Staphylococcus agnetis sp. nov., with strain 6-4T (DSM 
23656T, CCUG 59809T) as the type strain. 
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INTRODUCTION 
Coagulase-negative staphylococci (CNS) are the bacteria most frequently isolated 
in milk samples from bovine intramammary infections (IMI) in well-managed dairy 
herds in many countries (e. g. Koivula et al., 2007; Piepers et al., 2007; Schukken et al., 
2009). In routine diagnostics of IMI, CNS are not identified at species level but 
considered as a uniform group, although differences in clinical characteristics between 
species may exist (Taponen, 2008). Few species belonging to this group are in fact 
coagulase-variable. Identification of CNS species using phenotypic reactions of the 
bacteria has been shown to be inaccurate (Sampimon et al., 2009), and new methods 
based on the bacterial genotype have been developed (Goh et al., 1997; Heikens et al., 
2005; Supré et al., 2009; Piessens et al., 2010). During a study on clinical characteristics 
of CNS mastitis (Taponen et al., 2006), amplified fragment length polymorphism (AFLP) 
was compared with the phenotypic API Staph ID 32 identification scheme (bioMérieux, 
Marcy l’Etoile, France). In this study, 82 % of isolates assigned to the species S. hyicus by 
the API test (> 90 % probability), did not cluster with the type strain of S. hyicus (CCM 
2368T) or any other Staphylococcus type strain using AFLP. In later studies, isolates with 
the same unknown genotypic fingerprint were encountered (Taponen et al., 2007; 
2008). The aim of this study was to further examine 13 of these isolates and to 
determine whether they constitute an undescribed CNS species. 
 
METHODOLOGY AND RESULTS 
In total, 13 CNS isolates, 12 from bovine subclinical or mild clinical IMI and one 
from a teat apex colonization, originating from 13 cows from 8 dairy herds in Southern 
Finland, were available. The isolates were preliminary identified as CNS following the 
guidelines of the National Mastitis Council, based on colony morphology on blood agar, 
Gram-staining, and catalase and coagulase activity (Hogan et al., 1999). The strains were 
facultative anaerobe. After 24 h aerobic incubation on bovine blood agar at 37 oC, the 
smooth, circular and slightly convex colonies reached 2 to 3 mm in diameter. They were 
opaque light grey and non-haemolytic. Gram-staining showed Gram-positive, non-spore-
forming cocci, which occur singly, in pairs and in small clusters. Cells were non-motile in 
phase-contrast microscopy. The isolates were catalase-positive and oxidase-negative. 
Coagulase activity was tested using tube coagulase (BBLTM Coagulase Plasma Rabbit, 
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Becton, Dickinson and Company, Franklin Lakes, NJ, USA) and was not visible after 4 h. 
However, three isolates (isolates 43-1, 55-1 and 64-2) became positive after 24 h. 
Growth characteristics were determined on P broth (Freney et al., 1999) with different 
NaCl concentrations, temperatures, and pH. With 2 % or 10 % NaCl (wt/vol), intensive 
growth occurred in 24 hours, with 15 % NaCl in 48 hours, and with 18 % NaCl in 72 
hours. With 19 % NaCl the growth was still weak after 72 hours, and no growth was 
seen with 20 % NaCl even after three weeks. Intensive growth occurred in 24 hours at 
15 oC and 45 oC, and less intensive at 10 oC and 47 oC. No growth was seen at 5 oC. 
Growth was intensive in 24 hours at pH 6 and pH 10, and less intensive at pH 5. Less 
intensive growth was seen at pH 12 in 48 hours. Anaerobic growth was studied using 
Brewer thioglycollate medium BioChemica (Sigma-Aldrich Inc., St. Louis, MO) and was 
found positive. Clumping factor (Devriese, 1979) was negative. Deoxyribonuclease 
reaction was tested on DNase agar plates (Tammer-Tutkan Maljat Oy, Tampere, Finland) 
(Devriese and Van de Kerckhove, 1979), and was positive.  
  
Phenotypic tests were applied to all of the 13 isolates. Susceptibility to novobiocin, 
lysostaphin, and lysozyme was tested on P agar (novobiocin N-1628; lysostaphin L-
7386; lysozyme L-6876, Sigma-Aldrich, Inc.). Susceptibility to polymyxins and 
deferoxamine was tested in STAPH ZYM gallery (Rosco, Taastrup, Denmark). All isolates 
were susceptible to novobiocin and lysostaphin, and resistant to lysozyme, polymyxins, 
and deferoxamine. Acid production from carbohydrates was tested in API 50 CH 
galleries (bioMérieux), and other biochemical reactions were tested in API Staph ID 32 
(bioMérieux) and STAPH ZYM (Rosco) galleries as described by the manufacturers. The 
characteristics of the unknown isolates are summarized in the species description 
below. Biochemical features were compared with those of the type strains of the 
phylogenetic closest related species, S. hyicus ATCC 11249T and S. chromogenes ATCC 
43764T. The novel isolates were phenotypically very close to S. hyicus and S. 
chromogenes. All but 7 reactions gave identical results within the novel isolates, and it 
were only those 7 reactions that for some strains differed from S. hyicus and S. 
chromogenes (Table 1).  
 
Phenotypically the novel species is a typical representative of the genus 
Staphylococcus. It can be differentiated from the coagulase-positive species of the genus, 
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such as S. aureus, S. intermedius and S. pseudintermedius, in coagulase test reaction, 
which is negative after 4 hours, and by their lack of haemolysis. From most coagulase-
negative species these strains can be differentiated by means of the DNase test. The 
DNase reaction of these strains is strong whereas coagulase-negative staphylococci 
usually give negative reaction in DNase test (Devriese & Van de Kerckhove, 1979). 
However, the differentiation of these strains from S. hyicus by means of phenotypic 
characteristics is not possible. 
 
Table 1. Phenotypic characteristics of the 13 S. agnetis sp. nov. strains compared with the 
phylogenetically most closely related Staphylococcus species, S. hyicus and S. chromogenes. Data 
for S. hyicus and S. chromogenes were obtained from Devriese et al. (1978) and Freney et al. 
(1999). w, weak positive reaction; uk, unknown; v, variable.  
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Glycogen w - - - - - - - - - - + - uk uk 
Beta-glucuronidase - + + + + - + + - - + - - v - 
Acid production from                
        - D-galactose + + + + + - w + - w - - + + + 
        - Amygdaline - - - - - - + - - - - - - - - 
        - D-melibiose - - - - - - - - - - - + - - - 
       - D-trehalose - - - - - + + - + + + + + + + 
           - Gentiobiose - - - - - - - - - - - - + - - 
 
All 13 isolates were further characterized using 16S rRNA, rpoB, and tuf gene 
sequence comparison, AFLP analysis, and phenotypic properties following the 
recommendations for the description of new staphylococcal species (Freney et al., 
1999). The nearly complete (1409 bp) sequence of the 16S rRNA gene and partial 
sequences of the housekeeping genes encoding for the β-subunit of the RNA polymerase, 
rpoB (507 bp), and the elongation factor tu, tuf (180 bp), were determined for all the 13 
isolates as described previously (Kuhnert et al., 2002; Drancourt & Raoult, 2002; and 
Heikens et al., 2005, respectively). The primers used for sequencing are shown in Table 
2. The sequences of these isolates and of representative type strains of the 
Staphylococcus genus (retrieved from the GenBank, http://www.ncbi.nlm.nih.gov, using 
the nucleotide-nucleotide BLAST algorithm) were aligned, and phylogenetic trees were 
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constructed from the global alignment by the neighbour joining algorithm (Fig. 1, 2, and 
3) and the maximum parsimony algorithm using BioNumerics 4.61 software package 
(Applied Maths, Sint-Martens-Latem, Belgium). The tree topology was similar with both 
methods.   
 
Table 2. PCR primers used in sequencing the 16S rRNA, rpoB and tuf genes. 
Primer Primer sequence Fragment size 
pAF 5’-AGA GTT TGA TCC TGG CTC AG-3’  
pEf 5’-AAA CTC AAA GGA ATT GAC GG-3’  
pFf 5’-CAT GGC TGT CGT CAG CTC GT-3’  
pHr 5’-AAG GAG GTG ATC CAG CCG CA-3’ 1409 bp 
rpoB2643F 5’-CAA TTC ATG  GAC CAA GC-3’  
rpoB3241R 5’-GCI ACI TGI TCC ATA CCT GT-3’ 507 bp 
tufF 5’-GCC AGT TGA GGA CGT ATT CT-3’  
tufR 5’-CCA TTT CAG TAC CTT CTG GTA A-3’ 180 bp 
 
In the BLAST analyses, the 16S rRNA gene sequences of the isolates possessed 
highest similarities with the type strains of Staphylococcus hyicus ATCC 11249T (99.7% 
for isolates 66-1, 69-4, 100-4, 67B, 02-644, 02-650, and 02-675; 99.6%, for isolates 6-4T, 
43-1, 55-1, 59-1, 64-2, and 71-4) and Staphylococcus chromogenes ATCC 43764T (99.1 % 
for all). Considering the previously described cut-off value for 16S species identification 
(98.7 %) (Jousson et al., 2007), a species designation was not possible. As was shown in 
the 16S rRNA, rpoB and tuf trees (Fig. 1, 2, and 3), the phylogenetic position of the 13 
isolates was within the genus Staphylococcus. The strains clustered closely together 
(indicating that they belong to a single species), within the S. hyicus/S. intermedius 
group. However, the cluster was clearly distinct from the closest phylogenetic 
neighbours Staphylococcus hyicus ATCC 11249T and Staphylococcus chromogenes ATCC 
43764T. The 16S and rpoB trees revealed the formation of two similar subclusters within 
the unknown group. For further examination, three strains that covered both 
subclusters were chosen (6-4T, 55-1, and 02-650). In the tuf tree, subdivision within the 
unknown cluster was less clear.  
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Figure 1. Phylogenetic tree, constructed from the global alignment by the neighbour joining 
algorithm, based on the 16S rRNA gene sequences of S. agnetis sp. nov. (in bold) and online 
available reference sequences of Staphylococcus species. Bacillus subtilis was used as the 
outgroup. Bootstrap probability values ≥ 50 based on analysis of 100 resampled datasets are 
indicated at branch-points. 
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Staphylococcus condimenti DSM 11674 T (Y15750)
Staphylococcus massiliensis CCUG 55927T (EU707796)
Staphylococcus auricularis ATCC 33753 T (D83358)
Staphylococcus simiae CCM 7213 T (AY727530) 
Staphylococcus aureus aureus subsp. ATCC 12600 T (X68417)
Staphylococcus epidermidis ATCC 14990T (D83363)
Staphylococcus capitis urealyticus subsp. GTC 727T (AB233325)
Staphylococcus capitis capit is subsp. ATCC 27840 T (L37599)
Staphylococcus saccharolyticus ATCC 14953T (L37602)
Staphylococcus caprae ATCC 35538 T (AB009935)
Staphylococcus pasteuri ATCC 51129 T (AB009944)
Staphylococcus warneri ATCC 27836T (L37603)
Staphylococcus lugdunensis ATCC 43809T (AF325870)
Staphylococcus hominis novobiosepticus subsp. GTC 1228T (AB233326)
Staphylococcus hominis hominis subsp. ATCC 27844 T (L37601)
Staphylococcus devriesei KS-SP 60T (FJ389206)
Staphylococcus haemolyticus ATCC 29970T (D83367)
Staphylococcus pettenkoferi B3117T (AF322002)
Staphylococcus kloosii ATCC 43959 T (AB009940)
Staphylococcus nepalensis CW1T (AJ517414)
Staphylococcus cohnii urealyticus subsp. ATCC 49330 T (AB009936)
Staphylococcus cohnii cohnii subsp. ATCC 29974 T (D83361)
Staphylococcus xylosus ATCC 29971 T (D83374)
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Staphylococcus arlettae ATCC 43957 T (AB009933)
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Staphylococcus schleiferi schleiferi subsp. DSM 4807 T (S83568)
Staphylococcus schleiferi coagulans subsp. ATCC 49545 T (AB009945)
Staphylococcus delphini ATCC 49171T (AB009938)
Staphylococcus pseudintermedius LMG 22219 T (AJ780976)
Staphylococcus intermedius ATCC 29663T (D83369)
Staphylococcus hyicus ATCC 11249T (D83368)
Bacillus subtilis NCDO 1769 T (X60646)
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Staphylococcus chromogenes ATCC 43764 T (D83360)
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Staphylococcus agnetis 43-1 (HM484981)
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Staphylococcus agnetis 67B (HM484989)
Staphylococcus agnetis 02-644 (HM484990)
Staphylococcus agnetis 02-650 (HM484991)
Staphylococcus agnetis 02-675 (HM484992)
Staphylococcus agnetis 69-4 (HM484986)
Staphylococcus agnetis 66-1 (HM484985)
Staphylococcus agnetis 64-2 (HM484984)
Staphylococcus agnetis 71-4 (HM484987)
Staphylococcus agnetis 6-4T (HM484980)
Staphylococcus agnetis 59-1 (HM484983)
 
  
Staphylococcus agnetis sp. nov. 
 
95 
 
Figure 2. Phylogenetic tree, constructed from the global alignment by the neighbour joining 
algorithm, based on the rpoB gene sequences of S. agnetis sp. nov. (in bold) and online available 
reference sequences of Staphylococcus species. Bootstrap probability values ≥ 50 based on 
analysis of 100 resampled datasets are indicated at branch-points.  
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Staphylococcus lugdunensis ATCC 43809T (AF325870)
Staphylococcus hominis hominis subsp. ATCC 27844T (AF325875)
Staphylococcus hominis novobiosepticus subsp. ATCC 700236 T (DQ120738)
Staphylococcus warneri ATCC 27836T (AF325887)
Staphylococcus pasteuri DSM 10656T (DQ120742)
Staphylococcus simiae CCM 7213 T (EU888127)
Staphylococcus aureus aureus subsp. ATCC 12600T (AF325894)
Staphylococcus saprophyticus bovis subsp. CCM 4410 T (DQ120746)
Staphylococcus saprophyticus saprophyticus subsp. ATCC 15305 T (EF173662)
Staphylococcus succinus succinus subsp. DSM 14617T (DQ120751)
Staphylococcus succinus casei subsp. DSM 15096T (DQ120750)
Staphylococcus gallinarum ATCC 35539T (AF325890)
Staphylococcus equorum equorum subsp. ATCC 43958 T (AF325882)
Staphylococcus equorum linens subsp. DSM 15097 T (DQ120736)
Staphylococcus lentus ATCC 29070T (AY036973)
Staphylococcus fleurett ii DSM 13212 T (DQ120737)
Staphylococcus vitulinus ATCC 51145 T (DQ120752)
Staphylococcus auricularis ATCC 33753T (AF325889)
Staphylococcus sciuri sciuri subsp. CCM 7040 T (HM146323)
Staphylococcus sciuri carnaticus subsp. ATCC 700058 T (DQ120748)
Staphylococcus sciuri rodentium subsp. ATCC 700061 T (DQ120749)
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Staphylococcus agnetis 43-1 (HM484994)
Staphylococcus agnetis 59-1 (HM484996)
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Staphylococcus agnetis 64-2 (HM484997)
Staphylococcus agnetis 66-1 (HM484998)
Staphylococcus agnetis 69-4 (HM484999)
Staphylococcus agnetis 100-4 (HM485001)
Staphylococcus agnetis 67B (HM485002)
Staphylococcus agnetis 02-644 (HM485003)
Staphylococcus agnetis 02-650 (HM485004)
Staphylococcus agnetis 02-675 (HM485005)
Staphylococcus intermedius ATCC 29663T (AF325869)
Staphylococcus pseudintermedius LMG 22219 T (AM921786)
Staphylococcus delphini ATCC 49171T (DQ120735)
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Staphylococcus microti CCM 4903 T (EU888121)
Staphylococcus lutrae DSM 10244T (DQ120739)
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Figure 3. Phylogenetic tree, constructed from the global alignment by the neighbour joining 
algorithm, based on the tuf gene sequences of S. agnetis sp. nov. (in bold) and online available 
reference sequences of Staphylococcus species. The tuf gene sequencing failed for the S. agnetis 
strains 64-2, 66-1 and 71-4. Bootstrap probability values ≥ 50 based on analysis of 100 
resampled datasets are indicated at branch-points.   
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Staphylococcus intermedius CIP 81.60 T (EU652804)
Staphylococcus lutrae CIP 105399 T (EU652806)
Staphylococcus schleiferi coagulans subsp. ATCC 49545 T (EU571086)
Staphylococcus schleiferi schleiferi subsp. CIP 103643 T (EU652818)
Staphylococcus muscae CIP 103641 T (EU652807)
Staphylococcus felis CIP 103366 T (EU652797)
Staphylococcus chromogenes ATCC 43764 T (EU652790)
Staphylococcus hyicus ATCC 11249T (EU571080)
Staphylococcus agnetis 02-650 (HM485014)
Staphylococcus agnetis 02-644 (HM485013)
Staphylococcus agnetis 59-1 (HM485009)
Staphylococcus agnetis 55-1 (HM485008)
Staphylococcus agnetis 100-4 (HM485011)
Staphylococcus agnetis 67B (HM485012)
Staphylococcus agnetis 69-4 (HM485006)
Staphylococcus agnetis 6-4T (HM485006)
Staphylococcus agnetis 43-1 (HM485007)
Staphylococcus agnetis 02-675 (HM485015)
Staphylococcus lentus ATCC 29070T (HM352944)
Staphylococcus sciuri carnaticus subsp. CIP 105826 T (EU652819)
Staphylococcus sciuri sciuri subsp. ATCC 29062T (HM352947)
Staphylococcus sciuri rodentium subsp. CIP 105829 T (EU652820)
Staphylococcus fleurettii CIP 106114 T (HM352961)
Staphylococcus vitulinus CIP 104850 T (EU652825)  
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The AFLP analysis was performed using the restriction enzyme pair HindIII-MseI 
as previously described by Keto-Timonen et al. (2003). In the cluster analysis of AFLP 
patterns of the 13 unknown isolates and 48 Staphylococcus type strains, the AFLP 
patterns of the 13 isolates formed a clear cluster with high similarity (Fig. 4). None of the 
type strains clustered with these 13 isolates. The similarity of the cluster of these 
isolates with the AFLP profiles of the S. hyicus type strain DSM 20459T and the S. 
chromogenes type strain NCTC 10530T was low. 
Based on numerical analysis of AFLP patterns and the phylogenetic trees of 16S 
rRNA, rpoB, and tuf gene sequences, three of the 13 isolates (6-4T, 02-650, and 55-1) 
were chosen for DNA-DNA hybridization, DNA base composition, cell wall 
peptidoglycan, and cellular fatty acid analyses. DNA-DNA hybridizations were 
performed in the laboratory of the DSMZ (Deutsche Sammlung von Mikroorganismen 
und Zellkulture; German Collection of Microorganisms and Cell Cultures) between the 
unknown strains 6-4T, 55-1, and 02-650, and the type strains of the phylogenetic closest 
relatives S. hyicus DSM 20459T and S. chromogenes DSM 20674T.  Reassociation values, 
as mean of duplicate tests for the DNA-DNA hybridization pairs, between the strains 6-
4T, 55-1, and 02-650 varied from 89.8 to 96.5 % whereas the values between these 
strains and S. hyicus DSM 20459T or S. chromogenes DSM 20674T were only 44.7 % and 
21.6 %, respectively. Considering the recommendations of a threshold value of 70 % 
DNA-DNA binding for the definition of bacterial species by the ad hoc committee (Wayne 
et al., 1987), these results confirmed that isolates 02-650, 55-1, and 6-4T belong all to a 
single species, other than S. hyicus or S. chromogenes. 
The DNA base composition (mol %) of the strain 6-4T was analyzed by the 
laboratory of DSMZ. The DNA was isolated and purified as described by Cashion et al. 
(1977). After hydrolysis, the DNA was analyzed by high performance liquid 
chromatography (HPLC) (Shimadzu Corp., Japan) at 45 oC as described by Mesbah et al. 
(1989), using the solvent 0.3 M (NH4)H2PO4 with acetonitrile (Tamaoka & Komagata, 
1984). Non-methylated Lambda-DNA (Sigma), G+C content 49.858 mol % (Mesbah et al., 
1989) and 3 DNAs with published complete genome sequences, Bacillus subtilis DSM 
402 (43.518 mol % G+C), Xanthomonas campestris pv. campestris DSM 3586T (65.069 
mol % G+C), and Streptomyces violaceoruber DSM 40783 (72.119 mol % G+C), were used 
as the calibration references. The G+C content was calculated from the ratio of 
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deoxyguanosine (dG) and thymidine (dT) according to the method of Mesbah et al. 
(1989). The G+C content of the strain 6-4T was 37.2 mol %. This result is in the range 
G+C content of Staphylococcus species of 33-40 mol % (Götz et al., 2006). 
The peptidoglycan of the cell walls of the strains 6-4T, 55-1, and 02-650 was 
isolated and the structure was studied in DSMZ using thin layer chromatography (TLC) 
(MacKenzie, 1987). The 1D- and 2D-TLC of the total hydrolysated peptidoglycan (4 N 
HCl, 16 h at 100 oC) revealed the presence of the amino acids lysine, alanine, glutamic 
acid and glycine (the latter in high amounts) in all three strains. After derivation 
according to MacKenzie (1987), the molar amino acid ratio was determined by gas 
chromatography. Ratios were as follows for strain 6-4T: 2.4 Ala, 5.2 Gly, 1.0 Glu, 1.0 Lys; 
for strain 55-1: 1.7 Ala, 3.8 Gly, 1.0 Glu, 1.0 Lys; and for strain 02-650: 2.2 Ala, 5.0 Gly, 
1.0 Glu, 0.9 Lys. The 2D-TLC of the partial hydrolysate of the peptidoglycan (4N HCl, 0.75 
h at 100 oC) revealed the presence of the following peptides in all three strains: L-Ala – 
D-Glu, D-Ala – Gly, L-lys – D-Ala, oligo-Gly, L-Lys – Gly, Gly – L-Lys – D-Ala. On the basis 
of these results the peptidoglycan type of these three strains is A3α L-Lys – Gly5 (A11.2 
according to http://www.dsmz.de/microorganisms/main.php?content id=35), which 
corresponds to that of other staphylococci (Schleifer and Kandler, 1972).      
The cellular fatty acid patterns of the three strains 6-4T, 55-1 and 02-650 were 
determined in DSMZ as described previously (Miller, 1982; Kuykendall et al., 1988). 
Mean of the very similar profiles of the three isolates consisted of i-C15:0 (50.6 %), ai-C15:0 
(18.7 %), i-C17:0 (8.9 %), C20:0 (6.1 %), C18:0 (3.8 %), C16:0 (3.3 %), ai-C17:0 (2.6 %), i-C19:0 
(2.1 %), C14:0 (1.3 %), i-C16:0 (0.9 %), i-C13:0 (0.7 %), i-C14:0 (0.6 %), ai-C19:0 (0.4 %), C19:0 
(0.1 %), i-C18:0 (0.05 %).   
 
DESCRIPTION OF STAPHYLOCOCCUS AGNETIS SP. NOV.  
Staphylococcus agnetis (ag.ne'tis. N.L. gen. n. agnetis, of Agnes, named in honor of 
Europe’s first female veterinary surgeon, the Finnish Agnes Sjöberg (1888-1964), who 
struggled her way to the profession despite resistance of her male colleagues). This 
species description is based on the characteristics of 12 isolates originating from milk 
samples of dairy cows with subclinical or mild clinical IMI and one isolate from a teat 
apex colonization.  
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Cells are Gram-positive, non-motile, non-spore-forming, facultative anaerobic 
cocci, which occur singly, in pairs and in small clusters. After 24 h growth at 37 oC 
colonies reach 2 to 3 mm in diameter, are circular, slightly convex, smooth, opaque light 
grey and non-haemolytic on bovine blood agar. Catalase-positive, oxidase-negative. 
Susceptible to novobiocin and lysostaphin, resistant to lysozyme, polymyxins, and 
deferoxamine. Coagulase-negative after 4 h but after 24 h 20 to 25 % of the isolates are 
coagulase-positive. Negative for clumping factor. Hydrolyzes deoxyribonucleic acid 
(DNA) at 37 oC generating a degradation halo. Produces acid aerobically from D-glucose, 
D-fructose, D-mannose, D-lactose, D-saccharose and D-ribose. Variable reactions for acid 
production from D-galactose (69.2 % positive), D-trehalose (53.8 % positive), D-
melibiose (7.7 % positive), gentiobiose (7.7 % positive) and amygdaline (7.7 % 
positive). Does not produce acid aerobically from D-maltose, D-mannitol, D-raffinose, D-
cellobiose, D-turanose, D-arabinose, L-arabinose, L-melezitose, D-xylose, L-xylose, D-
adonitol, D-arabitol, L-arabitol, D-lyxose, D-tagatose, L-sorbose, D-sorbitol, D-fucose, L-
fucose, and L-rhamnose. Reduces nitrate. Positive test for arginine dihydrolase and N-
acetylglucosamine. Variable reactions for β-glucuronidase test (53.8 % positive) and 
glycogen utilization (15.4 %). Negative for aesculin hydrolysis, alkaline phosphatase, 
pyrrolidonyl arylamidase, urease, acetoin, ornithine decarboxylase, β-galactosidase, 
arginine arylamidase, erythritol, inositol, salicin, arbutin, dulcitol, xylitol, methyl-αD-
mannopyranosidase, methyl-αD-glucopyranosidase, amidone, potassium 2-
ketogluconate, and potassium 5-ketogluconate. The major fatty acids are i-C15:0, ai-C15:0, 
i-C17:0, and C20:0. The type strain is S. agnetis 6-4T (DSM 23656T, CCUG 59809T), isolated 
from mastitic milk. Its characteristics are in agreement with those described above. In 
addition, 6-4T produces acid from D-galactose, and is negative for amygdaline, D-
melibiose, D-trehalose, and gentiobiose.  
 
ACKNOWLEDGEMENTS 
Taina Lehto, Lars Hulpio, and Ulla Viitanen are acknowledged for their excellent 
technical laboratory assistance. Many thanks to Satu Pyörälä and Airi Palva for their 
support. 
 
  
Chapter 5.2 
 
100 
 
APPENDIX  
The GenBank accession numbers for strains 6-4T, 43-1, 55-1, 59-1, 64-2, 66-1, 69-
4, 71-4, 100-4, 67B, 02-644, 02-650, and 02-675 are HM484980 – HM484992 for 16S 
rRNA and HM484993 – HM485005 for rpoB gene sequences, respectively. The GenBank 
accession numbers for the tuf gene sequences of strains 6-4T, 43-1, 55-1, 59-1, 69-4, 
100-4, 67B, 02-644, 02-650 and 02-675 are HM485006 – HM485015, respectively. The 
sequencing of tuf gene failed for the strains 64-2, 66-1, and 71-4. 
 
  
 
Figure 4. AFLP cluster of S. agnetis sp. nov. from bovine intramammary infections in Finland, and of type strains of 48 Staphylococcus (sub)species. 
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ABSTRACT 
A longitudinal study in 3 dairy herds was conducted to profile the distribution of 
coagulase-negative Staphylococcus (CNS) species causing bovine intramammary 
infection (IMI) using molecular identification and to gain more insight in the pathogenic 
potential of CNS as a group and of the most prevalent species causing IMI. Monthly milk 
samples from 25 cows in each herd as well as samples from clinical mastitis were 
collected over a 13-month period. Coagulase-negative staphylococci were identified to 
the species level using transfer-RNA intergenic spacer PCR. The distribution of CNS 
causing IMI was highly herd-dependent, but overall, Staphylococcus chromogenes, 
Staphylococcus xylosus, Staphylococcus cohnii, and Staphylococcus simulans were the 
most prevalent. No CNS species were found to cause clinical mastitis. The impact of the 
most prevalent species on the quarter milk somatic cell count (SCC) was analyzed using 
a linear mixed model, showing that S. chromogenes, S. simulans, and S. xylosus induced an 
increase in the SCC that is comparable with that of S. aureus. Almost all CNS species were 
able to cause persistent IMI, with S. chromogenes causing a majority of persistent 
infections. In conclusion, accurate species identification cannot be ignored when 
studying the impact of CNS on udder health, as the impact on SCC differs between 
species and species distribution is herd-specific. Staphylococcus chromogenes, S. 
simulans, and S. xylosus seem to be the more important species and deserve special 
attention in further studies. Reasons for herd-dependency and possible cow- and 
quarter-level risk factors should be examined in detail for the different species, 
eventually leading to cost-benefit analyses for management changes and, if needed, 
treatment recommendations. 
 
Keywords: bovine intramammary infection, coagulase-negative Staphylococcus 
species, mastitis, somatic cell count. 
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INTRODUCTION 
 As a group, CNS are the most prevalent bacteria found in bovine milk samples in 
many areas around the world (e. g. Tenhagen et al., 2006; Piepers et al., 2007; Schukken 
et al., 2009). They are cultured from milk from cows with and without elevated SCC and 
have been associated with mild clinical mastitis (CM) cases (Waage et al., 1999; 
Thorberg et al., 2009). Also, they are abundantly present on teat apices and other body 
sites and in the cows’ environment (Matos et al., 1991; De Vliegher et al., 2003; Taponen 
et al., 2008). Still, their clinical/pathogenic relevance when cultured from milk remains a 
point of discussion. Some consider them as true mastitis pathogens with important 
virulence factors (Zhang and Maddox, 2000), a high level of antimicrobial resistance 
(Rajala-Schultz et al., 2009), and the ability to cause chronic infections (Gillespie et al., 
2009). Others regard them as minor pathogens (Schukken et al., 2009). On the other 
hand, they have as well been considered as potentially interesting micro-organisms that 
can protect quarters against IMI with more harmful pathogens either when causing IMI 
(Lam et al., 1997) or when colonizing bovine teats (Piepers et al., 2011). In some studies 
(Zadoks et al., 2001) or for some major pathogens (Lam et al., 1997), presence of CNS 
was not protective against IMI with other species. An association between presence of 
CNS and increased risk of mastitis with major pathogens has also been documented 
(Hogan et al., 1988). 
Conflicting results on the importance of CNS can partly be attributed to 
identification issues. The CNS group consists of more than 50 different species and 
subspecies (www.bacterio.cict.fr/s/staphylococcus.html) with approximately a dozen 
commonly found in milk of dairy cows (Taponen et al., 2006; Gillespie et al., 2009; 
Sampimon et al., 2009a). New species causing IMI in dairy cows are still being described 
(Supré et al., 2010). Group level identification of CNS has long been the standard, even 
for research purposes, and still remains the default procedure in routine veterinary labs. 
However, it is reasonable to anticipate that some species are more important than 
others in relation to udder health. Only identification at the species level can help to 
clarify the relevance of different CNS species, but the quest for an accurate and low-cost 
technique has been a challenge for many years. Commercially available test kits on the 
basis of biochemical tests have been ruled out for this purpose as they lack accuracy 
(Sampimon et al., 2009b) and molecular identification is seen as the gold standard 
(Zadoks and Watts, 2009). At our lab, an inexpensive and accurate molecular test has 
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been developed, facilitating the identification of a high number of CNS isolates, typically 
originating from field studies exploring the distribution and relevance of different CNS 
species (Supré et al., 2009). 
The aims of this study were (1) to profile the distribution of CNS species causing 
IMI in 3 dairy herds using molecular identification, and (2) to gain more insight in the 
pathogenic potential of CNS as a group and of the most prevalent species associated with 
IMI. The relation between CNS and quarter milk SCC, and their ability to persist, was 
compared with Staphylococcus aureus and Corynebacterium bovis. In addition, the 
contribution of CNS to the incidence of CM was studied. 
 
MATERIALS AND METHODS 
Herds 
Three commercial Flemish dairy farms, consisting of Black and Red Holstein-
Friesians, were enrolled in the study. All participated in the local Dairy Herd 
Improvement (DHI) program, with an average test-day interval of 35 d (range 27 - 44 d). 
The herds had on average 53 lactating cows (range 39 - 70), and an average milk 
production at DHI test-day of 31.4 kg/cow/d (range 28.5 - 34.3 kg/d). The average 305-
days milk yield was 10,099 kg (range 9,551 - 10,396 kg), and the average herd test-day 
SCC was 177,500 cells/mL (range 98,000 - 323,000 cells/mL) during the 13 mo study 
period. Milking was performed in a 2X5 (farm 1 and 2) or a 2X6 (farm 3) haring bone 
milking parlour. A comparable milking technique was applied on all farms. Cows were 
milked twice daily by 2 milkers. On farm 2, both wore gloves during the milking process, 
whereas on the other farms only one of the 2 did. The milking routine started with udder 
preparation using paper disposable towels which were replaced after each cow, 
followed by pre-stripping of the teats. Automatic removal of the clusters was used in all 
herds. Teats were post-milking teat dipped or sprayed. Milking clusters were flushed 
with hot water (> 75 °C) after cows with a high SCC or with a history of CM were milked. 
Blanket dry cow therapy combined with an internal teat sealer was applied on all cows, 
and the dry-period lasted between 4 and 6 weeks. Chronic (sub)clinical mastitis was 
considered a primary culling reason on farm 2 (based on the farmers opinion concerning 
chronicity), while on the other farms, cows with chronic (sub)clinical mastitis and no 
other symptoms were not removed from the herd. The udders were clipped several 
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times a year. Cows were housed in free stall barns with cubicles (with sawdust bedding) 
and a concrete slatted floor. On farm 1 and 3, the slatted floors were manually cleaned 
twice a day, whereas on farm 2 this was not done routinely. Before parturition, cows 
were separated in a calving pen on straw. On 2 farms (1 and 3), sick cows were housed 
in this pen as well. The ten-point mastitis control program was to some extent already in 
place before the study started. Veterinary advice concerning udder health, which was 
based on the ten-point mastitis control program, was given to all farmers by the first 
author. This included monthly selection of cows with a high SCC not part of the cohort of 
cows selected for study purposes (see below) for bacteriological milk culturing. The 
culture results were discussed with the farmer, and if deemed necessary, a suitable 
treatment was proposed using cow-level information such as stage of lactation, parity, 
number of quarters infected, SCC (for both cohort cows and others). However, quarters 
with a CNS infection were not treated, which fits with our general approach in extension 
work. The farmers were advised to take milk samples for bacteriological culturing of 
every clinical case (also from non-cohort cows). Results and treatment were discussed 
with the farmer for both cohort and non-cohort cows.  
 
Cows 
On each farm, a cohort of 25 animals was randomly selected within parity blocks 
(first, second, and third or more) at the onset of the study, using an Excel® RAND 
function (Excel®, 2007; Microsoft Corp., Redmond, WA). The proportion of cows that 
was selected per parity reflected the parity distribution in the herd. When a cohort cow 
was sold or culled, another cow of the same parity and comparable lactation stage was 
added to the cohort. As 14 cows were replaced, a total of 89 cows contributed to the 
datasets over the course of the study. The median number of samplings a cow 
underwent, was 10 (range 2 - 12). 
 
Sampling and data recording 
Cohort samples. The sampling period started in September 2007 and ended in 
January 2009. Sampling was conducted within one week after receiving the DHI data for 
a total of 12 samplings per herd, during the evening milking. On each sampling day, one 
milk sample (approximately 25 mL) was taken secundum artem following the guidelines 
of the National Mastitis Council (Hogan et al., 1999) from each quarter of the cohort 
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cows for standard bacteriological culturing and determination of SCC at the quarter level 
(qSCC). Parity, milk production, and days-in-milk (DIM) were available through the DHI 
data.  
Additional samples. Farmers were asked to collect milk samples aseptically 
(approximately 10 mL) for bacteriological culturing at drying-off, when the cow was re-
introduced into the lactating group after calving, and in the event of CM (defined as 
alterations in milk e. g. presence of flakes, and/or a swollen and/or painful quarter, 
and/or general symptoms etc.).  
 
Laboratory analyses 
Culture. Standard culturing of all milk samples was performed following the 
guidelines of the National Mastitis Council (Hogan et al., 1999). In short, a 0.01 mL loop 
of milk was spread on an aesculine blood agar plate (Gibco Technologies, Paisley, 
Scotland) and incubated aerobically at 37 °C. Phenotypic features were examined after 
24 and 48 h (morphology, Gram-staining, catalase test, aesculine-reaction and DNAse) to 
identify the pathogen as Gram-negative bacteria, member of the Streptococcus-
Enterococcus group (divided into aesculine-positive or –negative), Staphylococcus 
aureus, CNS, Corynebacterium bovis, or another pathogen (e. g. yeast or Bacillus spp.). A 
milk sample was defined as contaminated if > 2 different colony types were present. All 
CNS from clinical samples and CNS present with ≥ 500 cfu/mL from subclinical samples 
were inoculated on fresh agar plates and after another 18 to 24 h incubation at 37 °C, the 
cultures were checked for purity. Pure cultures were stored at -80 °C until further use. 
Molecular identification. DNA of the selected CNS cultures (these are all CNS 
isolated from clinical samples and CNS present with ≥ 500 cfu/mL from subclinical 
samples) was prepared by alkaline extraction as described by Baele et al. (2000). 
Supernatants were either directly used as DNA extracts for transfer-RNA intergenic 
spacer PCR (tDNA-PCR) or stored at -20 °C until further use. The tDNA-PCR technique 
was performed using the methods and the library as previously described, and the rpoB-
housekeeping gene was sequenced if no identification could be obtained with tDNA-PCR 
(due to failure to produce a tDNA-PCR fingerprint or due to lack of a matching tDNA-PCR 
fingerprint in the tDNA-PCR library) (Supré et al., 2009). 
Somatic cell count. Determination of the SCC was determined using a Fossomatic 
5000/FC (Foss Electric, Hillerød, Denmark). 
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Definition of intramammary infection 
A quarter was defined as having a subclinical IMI with a specific bacterium at the 
cohort sampling day when the current sample contained ≥ 1,000 cfu/mL, or ≥ 500 
cfu/mL for that specific bacterium in at least 2 out of 3 consecutive samplings (previous, 
and/or current, and/or next sample) in the absence of clinical signs. The same definition 
was used to assign an IMI status to the first and last sampling for each cow, although in 
these cases no “previous” or “next” sample, respectively, was available. The IMI status of 
the first sampling could only be determined when (1) the first sampling  contained ≥ 
1.000 cfu/mL, or (2) the first and second  sampling contained ≥ 500 cfu/mL. Similarly, 
the IMI status of the last sampling could only be determined when (1) the last sampling  
contained ≥ 1.000 cfu/mL, or (2) the last and last but one sampling contained ≥ 500 
cfu/mL. In all other cases, the IMI status of the first respectively last sample remained 
unknown. A quarter sampled at dry-off or calving was considered to have an IMI if ≥ 
1,000 cfu/mL of a bacterium  were present. A clinical IMI was defined as coming from a 
quarter with clinical signs  from which ≥ 100 cfu/mL of Staphylococcus aureus, members 
of the Streptococcus-Enterococcus group, or Gram-negative bacteria, or ≥ 500 cfu/mL of 
Corynebacterium bovis, CNS, or Bacillus species were isolated. A quarter was allowed to 
have an IMI with 2 different bacteria at the same moment, and these were accounted for 
as 2 different IMI. 
Using the aforementioned definitions, transient and persistent IMI caused by S. 
aureus, C. bovis, and the different CNS species were studied. A quarter was considered as 
having a transient IMI when it had an IMI with a staphylococcal species or C. bovis that 
was absent at the previous and the next sampling, and a persistent IMI when a quarter 
had an IMI at ≥ 2 consecutive samplings caused by the same staphylococcal species or C. 
bovis. The duration of persistent IMI was computed as follows. When a quarter was 
infected at calving, the day of calving was considered to be the starting point of infection, 
unless the IMI had also been detected at dry-off. In that case, the infection was 
considered to have persisted during the dry period. When IMI occurred during lactation 
in the course of the study period, the infection was assumed to have started halfway 
between the last and current sampling. When the cow was infected when entering or 
leaving the study, an extra period of time was added to the calculation i. e. the average 
number of days between 2 samplings (for that herd), divided by 2. The end point of 
infection was considered to be the midpoint between the current sampling with IMI and 
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the next sampling without IMI, or the dry-off date when the quarter was infected at dry-
off (and non-infected at calving).  
 
Descriptive data analysis 
The herd-specific distribution of all pathogens causing subclinical and CM over the 
course of the study were described. The incidence rate of CM per cow-month at risk for 
all pathogens was computed excluding the dry-cow period. For each case of CM, 14 days 
were subtracted from the days at risk (Barkema et al., 1998) and a new clinical case in 
the same quarter could appear after a 14-day period since the first case. The persistence 
and cure during the dry-period, and the occurrence of new IMI across the dry-period 
were determined for all pathogens. 
For the different staphylococcal species and C. bovis, the number of transient and 
persistent IMI, as well as the length of the persistent IMI was described.  
 
Statistical analyses 
The effects on qSCC of IMI caused by CNS as a group, and the effect on qSCC of IMI 
caused by the most prevalent CNS species, respectively, were studied.  
Thus, first, qSCC of CNS-infected quarters were compared with qSCC of non-
infected quarters and with qSCC from quarters infected with S. aureus or C. bovis (model 
1). This was achieved by fitting a linear mixed model with the natural log-transformed 
qSCC (lnqSCC) as outcome variable and IMI status as independent variable of main 
interest (non-infected, S. aureus IMI, C. bovis IMI, IMI caused by all CNS as one group, and 
a group with all other IMI status combined).  
Secondly, qSCC of quarters infected with the most prevalent CNS species 
individually, S. aureus, and C. bovis were compared (model 2). This was achieved by 
fitting a linear mixed model with lnqSCC as outcome variable and IMI status as 
independent variable of main interest (non-infected, S. aureus IMI, C. bovis IMI, IMI 
caused by CNS other than listed, Staphylococcus chromogenes IMI, Staphylococcus cohnii 
IMI, Staphylococcus simulans IMI,  Staphylococcus xylosus IMI, and all other IMI status 
combined). The group in which all other IMI status were combined contained IMI with 
Gram-negative bacteria, Streptococci-Enterococci, Bacillus spp., and yeasts, as well as 
quarters with a double IMI, and the contaminated samples.   
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Third, the effect of persistency status of IMI on the lnqSCC was investigated. This 
was achieved by fitting a linear mixed model with lnqSCC as outcome variable and IMI 
status (S. aureus IMI, C. bovis IMI, IMI caused by S. chromogenes, S. cohnii, and S. simulans 
as a group,  and IMI by all other CNS as a group, respectively), persistency status 
(persistent IMI versus transient IMI), and the interaction term between both as 
variables of main interest (model 3).  
Clustering of the data (repeated observations over time within quarters, and 
quarters within cows) was taken into account by adding “quarter” and “cow” as random 
effects, respectively. An autoregressive-1 correlation structure was used to model the 
repeated measurements. Herd was forced in all models as fixed effect. At the observation 
level, the variables DIM (continuous), DIM x DIM, parity (1, first parity; 2, second parity; 
3, ≥ 3 parity), and test-day milk production (continuous) were considered. Quarter 
position (1, front; 2, hind quarter) was tested as a quarter-level fixed effect. 
Analyses were run with SAS 9.21 (SAS System for Windows, SAS Institute Inc., 
Cary, CA, USA) using the PROC-MIXED procedure. A multistep approach was applied. 
Predictor variables that were significant (P ≤ 0.15) in the univariable models were 
combined in a multivariable model in which non-significant variables were removed at P 
≤ 0.05 using a backward stepwise approach. The 3 final models for lnqSCC contained 
DIM, parity, milk production and IMI status as significant predictor values. A Bonferroni 
correction was applied to adjust for multiple comparisons when comparing the effect of 
different IMI on lnqSCC. 
 
RESULTS 
Description of the cohort data 
During the 13-month study period, 3,064 cohort quarter milk samples were 
collected from 89 cows (Table 1). Eleven samples were not cultured (0.4 %) precluding 
assignment of an IMI status to these samples. The IMI status for another 153 quarter 
samples (5.0 %) remained unknown because of the definitions used, and 220 milk 
samples were considered contaminated (7.2 %). An IMI status was assigned to 2,680 
quarter samples, of which 2,015 (75.2 %) were non-infected and 665 had an IMI (24.8 
%). In 28 of the 665 IMI-positive samples, 2 different IMI were present. This resulted in 
693 IMI determined throughout the entire study period, in total (Table 1).  
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Distribution of all mastitis pathogens causing subclinical IMI 
Corynebacterium bovis was the predominant pathogen causing IMI (55.3 % of all 
IMI; 51.9 %, 58.2 %, and 55.3 % in herds 1 to 3, respectively) (Table 1). Coagulase-
negative staphylococci were the second most prevalent bacteria (25.8 % of all IMI; 36.2 
%, 28.0 %, and 10.7 % in herds 1 to 3, respectively), while S. aureus caused 6.9 % of all 
IMI (1.7 %, 1.9 %, and 19.8 % in herds 1 to 3, respectively). Twelve percent of the IMI 
were caused by other pathogens (6.2 % aesculine-positive members of the 
Streptococcus-Enterococcus group; 3.5 % Bacillus spp., yeasts and unidentified bacteria; 
1.9 % Gram-negative bacteria; and 0.4 % aesculine-negative members of the 
Streptococcus-Enterococcus group).  
 
  
Table 1: Overview of the dataset and distribution of CNS causing IMI (as defined in the text) throughout a 13 mo study period, from 3 dairy herds 
 
Herd 1  Herd 2  Herd 3  Total 
 
n 
Samples 
(%)  
IMI 
(%)  
CNS IMI 
(%) 
 
n 
Samples 
(%)  
IMI 
(%)  
CNS IMI 
(%)  
 
n 
Samples 
(%)  
IMI  
(%) 
CNS IMI 
(%) 
 
n 
Samples 
(%) 
IMI 
(%) 
CNS IMI 
(%) 
Cows 31 
   
 28 
   
 30 
   
 89 
   
   Quarter samples 1,032 
   
 1,036 
   
 996 
   
 3,064 
   
       Non-infected qua samples1 691 67.0 
  
 659 63.6 
  
 665 66.8 
  
 2,015 65.8 
  
       Status unknown/contam. 117 11.3 
  
 126 12.2 
  
 141 14.2 
  
 384 12.5 
  
       Infected qua samples1 224 21.7 
  
 251 24.2 
  
 190 19.1 
  
 665 21.7 
  
       IMI by2 235 22.8 
  
 261 25.2 
  
 197 19.8 
  
 693 22.6 
  
           S. aureus 4 0.4 1.7 
 
 5 0.5 1.9 
 
 39 3.9 19.8 
 
 48 1.6 6.9 
 
           C. bovis 122 11.8 51.9 
 
 152 14.7 58.2 
 
 109 10.9 55.3 
 
 383 12.5 55.3 
 
           CNS 85 8.2 36.2 
 
 73 7.0 28.0 
 
 21 2.1 10.7 
 
 179 5.8 25.8 
 
            -  S. chromogenes 52 5.0 22.1 61.2  17 1.6 6.5 23.3  14 1.4 7.1 66.7  83 2.7 12.0 46.4 
            -  S. xylosus 0 
   
 28 2.7 10.7 38.4  0 
   
 28 0.9 4.0 15.6 
            -  S. cohnii 20 1.9 8.5 23.5  0 
   
 0 
   
 20 0.7 2.9 11.2 
            -  S. simulans 2 0.2 0.9 2.4  15 1.4 5.7 20.5  0 
   
 17 0.6 2.5 9.5 
            -  S. haemolyticus 3 0.3 1.3 3.5  5 0.5 1.9 6.8  3 0.3 1.5 14.3  11 0.4 1.6 6.1 
            -  S. fleurettii 1 0.1 0.4 1.2  5 0.5 1.9 6.8  0 
   
 6 0.2 0.9 3.4 
            -  S. devriesei 3 0.3 1.3 3.5  1 0.1 0.4 1.4  1 0.1 0.5 4.8  5 0.2 0.7 2.8 
            -  S. sciuri 1 0.1 0.4 1.2  1 0.1 0.4 1.4  1 0.1 0.5 4.8  3 0.1 0.4 1.7 
            -  S. epidermidis 1 0.1 0.4 1.2  0 
   
 0 
   
 1 < 0.1 0.1 0.6 
            -  S. equorum 0 
   
 0 
   
 1 0.1 0.5 4.8  1 < 0.1 0.1 0.6 
            -  S. hyicus 0 
   
 1 0.1 0.4 1.4  0 
   
 1 < 0.1 0.1 0.6 
            -  S. pasteuri 1 0.1 0.4 1.2  0 
   
 0 
   
 1 < 0.1 0.1 0.6 
            -  Unidentified CNS 1 0.1 0.4 1.2  0 
   
 1 0.1 0.5 4.8  2 0.1 0.3 1.1 
           Other pathogens3 24 2.3 10.2 
 
 31 3.0 11.9 
 
 28 2.8 14.2 
 
 83 2.7 12.0 
 
1“Non-infected/infected quarter samples” refers to absence or presence of IMI, respectively, based on bacterial growth, number of cfu/mL, and 
consecutive samplings, as defined in the text. ²Inconsistencies between number of infected quarters and number of IMI is due to multiple pathogens 
causing IMI in the same quarter. 3Gram-negative bacteria, Streptococcus-Enterococcus group, Bacillus species, and yeasts. 
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Distribution of CNS species causing subclinical IMI 
Overall, IMI caused by 12 different CNS species were identified (Table 1). Two 
single CNS isolates causing IMI remained unidentified. Five quarter samples were 
infected with 2 different CNS species. Staphylococcus chromogenes was the predominant 
species, causing 46.4 % of all CNS IMI, although its contribution differed considerably 
between farms. Other species causing IMI were (in decreasing prevalence) S. xylosus, S. 
cohnii, S. simulans, S. haemolyticus, S. fleurettii, S. devriesei, S. sciuri, S. epidermidis, S. 
equorum, S. hyicus, and S. pasteuri. Distributions of CNS IMI were herd-specific (Table 1). 
In herd 2, S. xylosus was the most prevalent species, whereas it was not involved in IMI 
in the other herds. Similar herd-specificity was seen for S. cohnii (second most IMI 
causing species in herd 1 but absent from the other herds) and S. simulans (frequently 
found in herd 2 but absent and almost absent from herds 3 and 1, respectively). Also, 
more different CNS species were found in herd 1 than in herds 2 and 3. 
 
Incidence of clinical mastitis and causative pathogens 
During the study, 31 CM cases were detected in 27 quarters of 21 cows (8 in herd 
1, 14 in herd 2, and 9 in herd 3). The incidence rate per cow-month at risk was 0.041 for 
all herds (0.034, 0.052, and 0.035 for herds 1 to 3, respectively). Gram-negative bacteria 
caused most cases of CM (9 cases), followed by S. aureus and aesculine-positive 
members of the Streptococcus-Enterococcus group (4 cases each). Corynebacterium bovis 
was cultured from one clinical mastitis. No CNS species were found to cause CM cases. 
The remainder of cases were considered non-infected according to the definitions used 
(n = 11), or consisted of contaminated samples (n = 2). 
 
Pathogens associated with IMI at dry-off and parturition  
Sixty cows completed their dry period during the study. Of the 240 quarters, 165 
(68.8 %) were non-infected at both drying-off and parturition. Thirty-five quarters (14.6 
%) had an IMI with any pathogen at drying-off that cured across the dry period, and 14 
new IMI were present at calving. For 24 quarters, the IMI status at either drying-off or at 
calving, or both, was undefined. The majority of the new infections at calving was caused 
by CNS (64.3 %), while none and 7.1 % of the new IMI were caused by S. aureus and C. 
bovis, respectively. The only IMI that did not cure during the dry-period was caused by S. 
chromogenes (in two quarters).  
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Transient versus persistent CNS IMI 
Thirty-seven transient and 30 persistent CNS IMI were detected. Of 14 CNS IMI, the 
persistency status was unknown, mostly because their occurrence at the beginning or 
end of the study (left- or right-censoring, respectively) making it impossible to decide 
whether they were persistent or transient. Staphylococcus chromogenes caused more 
persistent than transient IMI, and S. xylosus was slightly more involved in persistent 
compared to transient IMI. Staphylococcus cohnii, S. haemolyticus, and S. simulans caused 
more transient than persistent IMI, and S. fleurettii only caused transient IMI (Table 2). 
Cows in herd 1 were more likely to have persistent S. chromogenes IMI compared to 
cows in the other herds, because in herd 1, there were 11 persistent IMI and only 1 
transient IMI while this ratio was 3/3 on herd 2 and 2/3 on herd 3, respectively. 
Staphylococcus aureus caused as much transient as persistent IMI, while C. bovis caused 
almost twice as much persistent than transient IMI. Infections with S. aureus lasted on 
average 199 d, which is more than S. simulans, S. xylosus, S. chromogenes, C. bovis, S. 
devriesei, S. cohnii, and S. haemolyticus, respectively (Table 2). 
  
Table 2: Overview of the persistency status of IMI in quarters infected with Staphylococcus 
aureus, Corynebacterium bovis, and the most prevalent CNS over all herds during the 13 mo 
study period. 
Species n cows1 
n 
quarters2 
Persistency status Mean duration and range 
(in d) of persistent IMI n T3 n P4 n U5 
S. aureus 16 21 6 6 10 198.9 (88.5 - 330) 
C. bovis 60 152 48 82 60 111.8 (38 - 229.5) 
S. chromogenes 16 30 5 17 10 147.8 (89 - 303) 
S. cohnii 11 12 7 4 1 92.3 (66.5 - 144) 
S. devriesei 3 3 2 1 0 97 ( - ) 
S. fleurettii 4 6 6 0 0 - 
S. haemolyticus 8 8 7 2 0 68.3 (66 - 70.5) 
S. simulans 5 8 5 2 1 176 (140 - 212) 
S. xylosus 9 11 3 5 3 151.9 (78.5 - 184.5) 
 
1During the study, a cow could attribute multiple times to this column. 2During the study, a 
quarter could attribute multiple times to this column. 3Transient IMI, defined as IMI with a 
pathogen that was absent at the previous and the next sampling. 4Persistent IMI, defined as an 
IMI with the same pathogen at ≥ 2 consecutive samples. 5Unknown persistency status. 
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Association between CNS IMI and quarter milk SCC 
The geometric mean qSCC (x 1,000 cells/mL) and the 25th – 75th percentiles were 
26.8 (10 - 61) for non-infected quarters, 494.9 (310 - 1007) for S. aureus IMI, 87.7 (39 - 
171.8) for C. bovis IMI, and 137.0 (74 - 298) for CNS as a group. When the CNS were 
considered as separate species, the geometric mean qSCC (x 1,000 cells/mL) and the 
25th – 75th percentiles were 225.7 (103 - 463) for S. chromogenes IMI, 65.1 (37 - 160) for 
S. cohnii IMI, 130.0 (104.5 - 245.3) for S. simulans IMI, 84.6 (48 - 197.5) for S. xylosus IMI, 
and 69.2 (23.5 - 148.5) for IMI with the remaining CNS species.  
In model 1, all infected quarters showed a higher lnqSCC than the non-infected 
quarters, regardless of the causative pathogen (P < 0.001). Quarters with a CNS IMI had 
a higher lnqSCC than quarters infected with C. bovis (P < 0.001), but lower than S. 
aureus-infected quarters (P < 0.01) (Tables 3 and 4).  
Model 2 showed that the lnqSCC did not differ significantly between non-infected 
quarters and quarters with a S. cohnii IMI. No significant difference was found between 
the lnqSCC of the individual CNS species and the ‘other CNS’ group. Quarters with S. 
chromogenes and S. simulans IMI had a higher lnqSCC than quarters infected with C. bovis 
(P < 0.01). The lnqSCC of quarters infected with S. chromogenes, S. simulans, or S. xylosus 
was not different from the lnqSCC from S. aureus-infected quarters (P > 0.05) (Tables 3 
and 4). 
The interaction term between persistency and IMI status was not significant in 
model 3 (P = 0.09), nor was persistency (P = 0.13) in a model without the interaction 
term present. 
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Table 3. Final linear mixed regression models describing the natural log transformed quarter 
milk SCC (lnqSCC) of CNS-infected quarters (as a group in model 1, and stratified for the most 
prevalent CNS species in model 2, respectively) compared with non-infected quarters and 
quarters infected with Staphylococcus aureus and Corynebacterium bovis, respectively. 
  Model 1 
 
Model 2 
 
β1 SE2 P 
 
β SE2 P 
Intercept 4.906 0.243 
  
4.906 0.243 
 
DIM 0.002 0.000 < 0.001 
 
0.002 0.000 < 0.001 
Herd3 
  
0.819 
   
0.860 
     1 - 0.022 0.170 
  
- 0.024 0.170 
 
     2 0.081 0.171 
  
0.067 0.171 
 
     3 ref. … 
  
Ref. … 
 
Parity 
  
< 0.001 
   
< 0.001 
     1 - 0.976 0.145 
  
- 1.006 0.145 
 
     2 - 0.504 0.103 
  
- 0.496 0.102 
 
     3+ Ref. … 
  
Ref. … 
 
Milk production 
(kg/d) 
- 0.045 0.005 < 0.001 
 
- 0.045 0.005 < 0.001 
IMI by 
  
< 0.001 
   
< 0.001 
     Non-infected Ref. … 
  
Ref. … 
 
     S. aureus 2.026 0.222 
  
2.038 0.222 
 
     C. bovis 0.470 0.075 
  
0.468 0.075 
 
     CNS-group4 1.151 0.123 
  
0.788 0.245 
 
     S. chromogenes - - 
  
1.433 0.192 
 
     S. cohnii - - 
  
0.661 0.337 
 
     S. simulans - - 
  
1.864 0.369 
 
     S. xylosus - - 
  
1.048 0.262 
 
     Other 5 0.504 0.068 
  
0.500 0.068 
 
 
1 Regression coefficient; 2 SE = standard error. 3 Forced into the model. 4 Model 1: all CNS 
combined as one group, model 2: other CNS than listed combined. 5 IMI with Gram-negative 
bacteria, Streptococcus-Enterococcus group, Bacillus species, and yeasts, as well as double IMI 
and contaminated samples. 
  
Table 4. Differences of least square means of the natural log transformed quarter milk SCC (lnqSCC) between the different IMI status (Bonferroni 
corrected P-values), based on the final linear mixed regression models describing the lnqSCC of CNS-infected quarters (as one group in model 1, and 
stratified for the most prevalent CNS species in model 2) compared with non-infected quarters and quarters infected with Staphylococcus aureus and 
Corynebacterium bovis, respectively. Both models contained DIM, parity and IMI status as significant predictor variables.  
 
Reference 
 
Non-infected S. aureus C. bovis CNS-group1 S. chromogenes S. cohnii S. simulans S. xylosus 
Model 1 
        
   Non-infected - 
       
   S. aureus 2.026 *** - 
      
   C. bovis 0.470 *** - 1.556 *** - 
     
   CNS-group1 1.151 *** - 0.875 ** 0.681 *** - - - - - 
   Other 2 0.504 *** - 1.522 *** 0.034 NS - 0.647 *** - - - - 
         
Model 2 
        
   Non-infected - 
       
   S. aureus 2.038 *** - 
      
   C. bovis 0.468 *** - 1.570 *** - 
     
   CNS-group1 0.788 * - 1.249 ** 0.320 NS - 
    
   S. chromogenes 1.433 *** - 0.605 NS 0.965 *** 0.644 NS - 
   
   S. cohnii 0.661 NS - 1.376 * 0.194 NS - 0.127 NS - 0.771 NS - 
  
   S. simulans 1.864 *** - 0.174 NS 1.396 ** 1.076 NS 0.432 NS 1.203 NS - 
 
   S. xylosus 1.048 ** - 0.990 NS 0.580 NS 0.260 NS 0.384 NS 0.387 NS - 0.816 NS - 
 
1 CNS-group in model 2 = CNS other than listed; 2 IMI with Gram-negative bacteria, Streptococcus-Enterococcus group, Bacillus species, and yeasts, as 
well as quarters with double IMI and contaminated samples; NS, non-significant; *, P < 0.05; **, P < 0.01; ***, P < 0.001. 
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DISCUSSION 
In this detailed longitudinal field study using molecular identification of CNS, the 
distribution of different CNS species causing IMI and their species-specific impact on 
udder health was scrutinized. Distribution of CNS species causing IMI was herd-
dependent. Some species such as S. chromogenes, S. simulans, and S. xylosus, caused an 
inflammatory response, as measured by the SCC, that was not different from the one 
caused by S. aureus, whereas the other CNS species did not. All CNS species, except S. 
fleurettii, were able to cause persistent IMI, whereas this was most pronounced for S. 
chromogenes. Remarkably, this was true for C. bovis as well. None of the clinical mastitis 
cases were caused by CNS. 
In our study, the majority of IMI was not caused by CNS but by C. bovis, which is in 
contrast to findings from previous studies (e. g. Rajala-Schultz et al., 2004; Piepers et al., 
2007; Schukken et al., 2009). It reflects that many factors influence the observed 
distribution of pathogens associated with mastitis under different management styles. 
Staphylococcus chromogenes, followed by S. xylosus, S. cohnii, S. simulans, and S. 
haemolyticus, were accountable for the majority of quarters samples with a CNS IMI. 
Comparison with earlier studies can be hindered by the plethora of identification tests, 
IMI definitions, and the different inclusion criteria for the selection of herds and cows, 
used in different studies. We made use of tDNA-PCR, which has a high accuracy for 
identifying bovine CNS, is low-cost and easy to use (Supré et al., 2009) rendering it a 
useful tool in elaborate field studies. We applied a restrictive and strict IMI definition. 
For the cohort samples, the IMI status was based on the number of cfu/mL and 3 
consecutive samplings. To our knowledge, only Taponen et al. (2007) used a similar 
design on one farm with a similar IMI definition for CNS, revealing S. chromogenes, S. 
simulans, and S. haemolyticus as the most prevalent CNS causing IMI. Other molecular 
based studies on one (Rajala-Schultz et al., 2009) and 23 farms (Santos et al., 2008) but 
with different IMI definitions, confirmed that the same CNS species, but also S. 
epidermidis, S. warneri, and S. xylosus frequently cause IMI. The large herd dependency of 
the CNS species distribution as mentioned in literature (Gillespie et al., 2009; Sampimon 
et al., 2009a; Thorberg et al., 2009) was supported by our results, however, other 
aspects might explain these differences. The discussion on CNS relevance that has been 
ongoing for many years, might be due to the large species distribution in different herds 
and studies. This indicates the need for more detailed studies over many management 
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systems and countries, but furthermore, might indicate the need for herd-specific 
management programs to control the important CNS species.  
None of the CM cases could be assigned to CNS and only one to C. bovis, showing 
that their pathogenic potential is limited. Other authors did find CNS in (mild) clinical 
samples (Waage et al., 1999; Taponen et al., 2006; Gillespie et al., 2009) but whether or 
not CNS were causal in all cases remains a point of discussion. The relation between SCC 
and CNS IMI was studied in a detailed manner. The hierarchical structure of the 
longitudinal data was taken into account when estimating the relation between CNS IMI 
and the qSCC. Potential host (immunity) differences were corrected for by including a 
random cow effect and different cow-level fixed effects such as test-day milk yield and 
parity. The moderate SCC increase induced by CNS as a group, i. e. to a level intermediate 
between the SCC observed for non-infected quarters and S. aureus infected quarters, was 
a confirmation of their status as minor pathogens (Taponen et al., 2007; Gillespie et al. 
2009; Schukken et al., 2009; Sampimon et al., 2010). The SCC associated with CNS IMI 
was also higher than the SCC associated with infections due to C. bovis, confirming the 
results of others such as Sampimon et al. (2010). In addition, a specific merit of our 
study was to examine whether differences exist between the most prevalent CNS 
species. Staphylococcus chromogenes, S. simulans, and S. xylosus had a larger effect on 
qSCC than other species such as S. cohnii, and an effect that is comparable to that of S. 
aureus infections. This is different from what is mentioned in other studies in which no 
significant differences in qSCC between different CNS species has been described 
(Chaffer et al., 1999; Taponen et al., 2006; Thorberg et al., 2009). Recent in vivo work 
examined the internalization and adhesive capacity of some bovine CNS species and S. 
aureus (Hyvönen et al., 2009). The adhesive capacity of S. chromogenes, S. cohnii, S. 
haemolyticus, and S. simulans was equal to that of S. aureus but their invasivity of 
mammary gland cells was weaker. A cytotoxic protease that induced neutrophil 
infiltration has been described for S. chromogenes (Zhang and Maddox, 2000), showing 
that at least this species holds important virulence factors potentially stimulating local 
immunity. Coagulase-negative staphylococci can harbor virulence factors that are also 
present in S. aureus strains (Kuroishi et al., 2003). As for S. aureus, the distribution of 
virulence factors may differ between strains within species (Lipman et al., 1996; Smith 
et al., 1998). Still, as no CNS caused CM in our study, we conclude that their virulence is 
more limited compared to the true major mastitis pathogens. In our opinion, the 
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observed CM incidence rates reflect a fair representation of the actual number of cases 
occurring in these herds, limiting the potential underestimation of CNS as a true cause of 
CM.   
Still, one could argue that the fact that no difference was detected in qSCC between 
S. aureus IMI and IMI caused by S. chromogenes, S. simulans, and S. xylosus was due to 
treatment effects. Indeed, antimicrobial treatment of S. aureus IMI could result in cure of 
the infection (in this way reducing persistency effects) or might lower the qSCC of the 
particular quarter. However, although allowed for, none of the cohort cows was treated 
for subclinical mastitis caused by S. aureus (n = 48) during the entire study period. Of the 
clinical S. aureus cases (n = 4), one remained present in the quarter after treatment in 
subclinical form. It is possible that the treatment reduced the qSCC of this quarter, but 
we believe this will not have resulted in a serious underestimation of the average qSCC 
of all quarters with S. aureus IMI. Therefore we feel confident that the qSCC did truly not 
differ between the three important CNS species and S. aureus. 
The potential of CNS species to cause persistent infections was used as another 
parameter to estimate their virulence. In fact, almost all CNS species were able to cause 
persistent IMI, and in particular, S. chromogenes caused more persistent than transient 
IMI. This was consistent with the work of Taponen et al. (2007), although they found 
that the persistency of S. chromogenes was not different from other CNS species and 
concluded that host-microbe interaction plays a key role. This was also supported by 
Gillespie et al. (2009). In our study, both the potential to persist and the mean duration 
of persistent IMI seemed to vary between species (Table 2). However, no statistical 
analysis was carried out to support this, because strain typing should have been 
performed to confirm persistent infections. For species identification by tDNA-PCR, 
peaks lower than 50 % of the average peak heights are eliminated in the tDNA-PCR 
fingerprints (Supré et al., 2009). These eliminated low peaks can be attributed to strain 
differences or differences between runs. A small preliminary experiment was set up 
(data not presented), in which S. chromogenes isolates causing persistent IMI selected 
from each of the 3 herds were run in the same tDNA-PCR and capillary electrophoresis 
run to look at strain differences. When analyzing the tDNA-PCR fingerprints, all peaks 
were taken into account for that purpose, and most of the epidemiologically related 
isolates had rather comparable genotypes. Literature documents that the majority of 
persistent S. chromogenes IMI were caused by the same strain per quarter (Taponen et 
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al., 2007; Gillespie et al., 2009, Rajala-Schultz et al., 2009), although some so-called 
persistent S. chromogenes infections might rather be re-infections than persistent 
infections (Gillespie et al., 2009). Interestingly, C. bovis was able to persist for extended 
time periods as well, indicating that this bacterium can also efficiently escape from host 
immunity. Still, C. bovis has always been regarded as a true minor pathogen and was for 
that reason included in this study as a reference. This points out that persistency, on 
itself, should not be considered as sole indicator for pathogenic potential of an udder 
pathogen. As well, bacteria that can cause persistent infections but that are harmless to 
the bovine udder, have a neglectable importance. Because persistency was not 
confirmed based on an evaluated strain-typing technique in our study, our persistence 
data should be interpreted with care. For that reason, statistical analysis was also not 
used to substantiate differences between species. 
We were not able to show a significant impact of the persistency status of all IMI or 
of IMI caused by certain pathogens on qSCC, which might be caused by a lack of power 
as a tendency was present. It looked as if quarters with a persistent S. aureus IMI had a 
higher qSCC than transiently S. aureus infected quarters. This was not the case for C. 
bovis IMI nor for IMI caused by the important CNS species (S. chromogenes, S. simulans, 
or S. xylosus), for which no difference was noticed in the qSCC between transiently and 
persistently infected quarters (data not shown).  
In conclusion, the data from this study confirm that CNS as a group should be 
considered as minor pathogens, because they were not involved in CM and because their 
overall impact on qSCC was limited. However, impact on qSCC is species-specific and 
species distribution is herd-specific, showing the need for accurate species 
identification. Special attention should be given to S. chromogenes, S. simulans, and S. 
xylosus because of their substantial impact on SCC similar to that of S. aureus. These 
species can be highly prevalent and may cause persistent infections. More research is 
necessary to explain herd dependency and to examine cow- and quarter-level risk 
factors for (transient and/or persistent) IMI with different CNS species, eventually 
resulting in cost-benefit analyses for management changes and, if needed, treatment 
recommendations. 
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ABSTRACT 
The coagulase-negative staphylococci (CNS) are ubiquitously present in the 
environment and on skin and mucosae of bovines. They are also the most prevalent 
bacteria causing intramammary infections (IMI) in dairy cows. Reservoirs and 
transmission routes of CNS are not fully understood. The objectives of this study were to 
map the CNS species distribution in parlour-associated extramammary niches [cows’ 
teat apices (TA), milking machine unit liners (MMUL), and milkers’ skin or gloves (MSG)] 
in 3 commercial dairy herds, and to compare the distribution with the CNS species 
previously found to be causing IMI in the same herds. The prevalence of individual CNS 
species was highly herd-dependent. The most prevalent species in parlour-related 
extramammary samples was S. cohnii in the first, S. fleurettii in the second, and S. 
equorum in the third herd, while S. haemolyticus and S. sciuri were present in all herds. 
CNS species distribution was similar between TA and MMUL samples in each herd. 
Comparison of the parlour associated CNS distribution with that in IMI in the same 
herds indicated that S. chromogenes, S. simulans, and S. xylosus favored the mammary 
gland and were rarely isolated from other niches. By contrast, S. equorum was far more 
common in the parlour-associated niches. Staphylococcus cohnii, S. haemolyticus, S. 
fleurettii, and S. sciuri were commonly found in milk and in other sample types. The MSG 
harbored a specific microbiota. In conclusion, some of the extramammary niches related 
to the milking process seem to act as infection sources or fomites for IMI-causing CNS 
species. However, the sources or fomites of IMI with the CNS species that significantly 
influence milk quality (S. chromogenes, S. simulans, and S. xylosus) remain unidentified. 
 
Keywords: coagulase-negative Staphylococcus species, dairy cow, parlour-
associated extramammary niche, intramammary infection 
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INTRODUCTION 
Interest in coagulase-negative staphylococci (CNS) increased over the past years in 
human (Piette and Verschraegen, 2009; Carpaij et al., 2011) as well as in veterinary 
medicine (De Vliegher et al., 2004; Taponen et al., 2007; Gillespie et al., 2009). Effort is 
ongoing to unravel the specific characteristics of the large group of CNS as a whole 
(Sampimon et al., 2009; Piepers et al., 2010), and of the different species (Simojoki et al., 
2011; Supré et al., 2011) in relation to bovine udder health. Understanding of the 
epidemiology of CNS in dairy cows and their environment would be useful in prevention 
of intramammary infection (IMI) with the species that affect milk production or milk 
quality. Recently, we reported that several species of CNS are commonly present in the 
cows’ barn environment (air, slatted floor, and sawdust) but rarely associated with IMI 
(Piessens et al., 2011). This includes Staphylococcus equorum, S. sciuri, and S. fleurettii. 
Other species, such as S. haemolyticus and S. simulans, were commonly found in the barn 
environment as well as in IMI, and we propose that these species can be considered 
opportunistic pathogens. However, S. chromogenes, commonly associated with IMI, was 
rarely found in the barn environment or in other host species indicating that other 
reservoirs play a role in the epidemiology of this seemingly host-adapted species 
(Piessens et al., 2011; Zadoks and Watts, 2009). For other species that are highly 
prevalent as cause of IMI in some herds, i. e. S. xylosus, S. simulans and S. cohnii (Supré et 
al., 2011), infection sources remain to be identified. 
The mammary gland is constantly exposed to the bacterial flora present on the 
bovine teat. Previous work suggests that the presence of Staphylococcus aureus on teat 
skin may be associated with the risk of infection in early lactation (Roberson et al., 
1994). By contrast, presence of CNS on teat apices (TA) pre-partum was not associated 
with an increased risk of CNS IMI in early lactation (Piepers et al., 2011). Also, during the 
milking process, the mammary gland is exposed to a variety of potential fomites, in 
particular the milking machine and the hands or gloves of the milker. Milking machine 
unit liners (MMUL) play a role in S. aureus transmission (Zadoks et al., 2002) and 
milkers’ skin can carry S. epidermidis, which may also cause IMI in cows (Thorberg et al., 
2006). The distribution of CNS species on TA, MMUL, and milkers’ skin or gloves (MSG) 
and their importance in the pathogenesis of CNS IMI have not extensively been studied. 
The objectives of this study were to map the parlour-associated CNS species 
distribution, in particular that on cows’ TA, MMUL, and MSG in 3 commercial dairy herds 
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using molecular species identification, and to compare this distribution with that of CNS 
species causing IMI in those herds. 
 
MATERIALS AND METHODS 
A single cross-sectional sampling was performed in 3 commercial Flemish dairy 
herds in February 2008. Herd characteristics are described in Table 1. The herds took 
part in a longitudinal study to determine the impact of CNS species on quarter milk SCC 
(Supré et al., 2011). Of 25 animals per herd that were included in the longitudinal study, 
6 per herd were included in the current study, i. e. 2 animals in first, second, or higher 
lactation, respectively. Teat apices were sampled on a single occasion pre- and post-
milking, after cleansing with a paper cloth as described before (De Vliegher et al., 2003). 
As milk samples were collected as well, teats were disinfected with alcohol after the pre-
milking swabbing, prior to milk sampling and the post-milking swabbing. 
All MMUL (40 on farm 1 and 2, 48 on farm 3, respectively) were sampled before 
the milking session started and after milking of all cows was finished, prior to cleaning 
of the milking machine (Zadoks et al., 2003). 
Gloves or bare hands (when no gloves were worn during milking), and elbow 
bends of the milkers were sampled both before and after milking, after wiping them 
with a dry paper cloth (Thorberg et al., 2006). These samples were combined and 
referred to as samples from the milkers’ skin or gloves (MSG). 
Swabs were stored at 4 °C and within 24 h of collection, all swabs were streaked 
onto a Columbia agar with 5 % ovine blood (Oxoid, Basingstoke, UK). After aerobic 
incubation at 37 °C during 24 h, plates were examined and CNS were presumptively 
identified following NMC procedures (Hogan et al., 1999). One colony was picked up 
from every morphotype with ≥ 5 colonies, allowing for isolation of more than one colony 
type per swab, and transferred onto Columbia blood agar. After 18 to 24 h incubation at 
37 °C, the colonies were checked for purity and stored at -80 °C until further analysis. 
DNA was prepared according to Unal et al. (1992). All CNS were identified using transfer 
RNA-intergenic spacer-PCR (tDNA-PCR) and sequencing of the rpoB-housekeeping gene 
if no identification could be obtained with tDNA-PCR (Supré et al., 2009). If different 
morphotypes from one sample turned out to be a single species, this species was 
considered once for this sample. The distribution of CNS species in the parlour-
associated extramammary niches was described as percentage within the CNS isolates. 
  
Table 1: Overview of herd characteristics and management practices in herds participating in the current study 
 
Herd 1 Herd 2 Herd 3 
Herd characteristics 
   
Number of lactating cows 43.5 (39 - 48) 48.9 (43 - 53) 65.7 (61 - 70) 
Milk yield (kg/day) 30.9 (28.5 - 32.4) 32.3 (30.1 - 34.3) 31 (29.4 - 31.8) 
305d-yield (in kg) 
9921.6  
(9551 - 10189) 
10194.7  
(9975 - 10396) 
10180.2  
(9978 - 10367) 
SCC (x 1000 cells/ml) at herd level1 152.9 (98 - 220) 195.9 (133 - 323) 186.7 (103 - 298) 
Udder health management 
   
Gloves during milking 1 of 2 milkers All milkers 1 of 2 milkers 
Post milking dipping/spraying Iodine dip Iodine dip Iodine spray 
Dry-cow treatment 
   
Antibiotic Cloxacillin Cefquinome Nafcillin/penicillin/streptomycin 
Internal teat sealer Yes Yes Yes 
Routine culling of chronically infected 
cows 
No Yes No 
Calving pen 
   
Separate straw box Yes Yes Yes 
Used for sick cows Yes No Yes 
Bedding material Sawdust Sawdust Sawdust 
Cleaning of slatted floor 2x/day Not regularly 2x/day 
 
1Average of the monthly herd-SCC, as measured through the DHI-program. 
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Included in the current study were the 177 identified CNS IMI, with IMI definitions 
based on 3 consecutive samplings (Supré et al., 2011). Distribution of CNS species in IMI 
was described as percentage within all CNS IMI. 
 
RESULTS 
Extramammary niches 
In total, 432 extramammary samples were collected of which 202 (46.8 % in total; 
62.3 %, 39.7 %, and 35.5 % in herd 1 to 3, respectively) harbored at least one CNS 
species. Overall, 288 CNS were cultured (119 from TA, 132 from MMUL, and 37 from 
MSG), of which 284 (98.6 %) could be identified by tDNA-PCR while rpoB-gene 
sequencing was needed for the remaining 4 isolates. Nineteen CNS species were found 
(Table 2, Fig. 1), with up to 4 species per sample. The predominant species were S. cohnii 
(23.3 % of all extramammary CNS), S. haemolyticus (17.4 %), S. equorum (16.0 %), S. 
fleurettii (15.3 %), and S. sciuri (10.4 %) (Table 2). Of the 288 CNS, 141 isolates (49.0 %) 
originated from herd 1 (14 CNS species), 63 (21.9 %) from herd 2 (11 species), and 84 
(29.2 %) from herd 3 (13 species), respectively (Fig. 1). The most prevalent species in 
the parlour-associated niches were highly herd specific, with S. cohnii dominating in 
herd 1 (46.8 % of all extramammary CNS isolates in that herd), S. fleurettii in herd 2 
(68.3 %), and S. equorum in herd 3 (47.6 %). In contrast, S. haemolyticus and S. sciuri 
were present in all herds (Fig. 1). 
 
Teat apices  
All cows had at least one TA that harboured CNS. Prior to milking, 81.9 % of the TA 
was CNS positive (100 %, 91.7 %, and 54.5 % in herd 1 to 3, respectively), and 33.9 % 
post-milking (79.2 %, 12.5 %, and 33.9 % in herd 1 to 3, respectively). The number of 
CNS species isolated per TA ranged from 1 to 4, while up to 6 different CNS species were 
found per cow. Of all isolates, S. cohnii, S. haemolyticus, S. fleurettii, S. equorum, and S. 
sciuri were the most frequently isolated CNS species (Table 2). Other species on TA were 
S. hominis, S. chromogenes, S. auricularis, S. hyicus, and S. simulans. Staphylococcus capitis, 
S. epidermidis, and S. vitulinus were only found in small numbers. Staphylococcus cohnii 
was found in high proportion on TA in herd 1 (50.0 % of all CNS on TA in this herd) but 
was absent from the other herds (Fig. 1). Staphylococcus fleurettii was exclusively and 
commonly (72.4 %) isolated from TA in herd 2, and S. equorum was almost exclusively 
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and commonly (50.0 %) found in herd 3. Staphylococcus haemolyticus was isolated from 
TA in all herds, but more often from herd 1, and S. sciuri was found more often in herd 3. 
 
Milking machine unit liners 
One MMUL in one herd (herd 1) was found to harbor CNS (S. xylosus) prior to 
milking (0.8 %). More than 80 % of the MMUL became CNS-positive during milking (92.5 
%, 82.5 %, and 68.2 % in herd 1 to 3, respectively). Staphylococcus equorum, S. cohnii, S. 
fleurettii, S. sciuri, and S. haemolyticus were the most common species (Table 2). Other 
species found in swabs taken from MMUL were S. chromogenes, S. xylosus, and S. 
vitulinus, whereas S. auricularis, S. devriesei, S. epidermidis, S. hominis, S. lugdunensis, S. 
saprophyticus and S. simulans accounted for a minority of isolates. Species distribution 
varied by herd: S. cohnii was exclusively found in herd 1 in a high percentage of isolates 
(50.9 % of all CNS in MMUL in this herd), whereas S. fleurettii and S. equorum were 
almost exclusively found in herd 2 and 3, respectively, again in a high proportion of 
isolates (66.7 % of CNS IMI are S. fleurettii in herd 2, and 51.0 % of CNS IMI are S. 
equorum in herd 3) (Fig. 1). Staphylococcus sciuri and S. haemolyticus were isolated from 
the MMUL of all herds, but the latter was almost absent from herd 2. 
 
Milker  
Of 2 milkers (1 each on farms 1 and 3), the bare hands were swabbed as gloves 
were not worn during milking. All milkers were CNS-positive on one or more of the 
sampled sites, both prior to and after milking. Hands or gloves were CNS-positive in 66.7 
% pre-milking and 75.0 % of post-milking samples, and elbow bends in 75.0 % of 
sampling both pre- and post-milking. Eleven species were isolated from milkers’ skin or 
gloves, with S. hominis, S. cohnii, S. haemolyticus, S. equorum, and S. auricularis as the 
predominant species (Table 2). Isolated in lower numbers were S. capitis, S. epidermidis, 
S. fleurettii, S. sciuri, S. nepalensis, and S. warneri. The distribution of CNS species on MSG 
was herd-dependent (Fig. 1). In herd 1, the predominant species were S. hominis, S. 
haemolyticus, and S. cohnii. In that herd, S. hominis was isolated from elbow bends only, 
while S. nepalensis, S. sciuri, and S. equorum were only present on gloves or bare hands. 
Staphylococcus haemolyticus and S. cohnii were present on both gloves and elbow bends. 
In herd 2, S. fleurettii, S. warneri, and S. epidermidis were present, with S. epidermidis 
isolated from elbow bends only, S. warneri on gloves, and S. fleurettii found on both 
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gloves and elbow bends. In herd 3, S. equorum, S. auricularis, and S. capitis were the most 
frequently isolated species. Staphylococcus hominis, S. auricularis, S. capitis, and S. 
epidermidis were found on elbow bends only, while S. haemolyticus and S. sciuri were 
only isolated from gloves and bare hands. Staphylococcus equorum was demonstrated on 
gloves and bare hands as well as on elbow bends on that farm (Table 2).  
 
Comparison of CNS distribution in the extra- and intramammary compartments 
Staphylococcus cohnii was present in all extramammary niches in herd 1 and was 
also causing a high proportion of IMI on that farm (Fig. 1). Of all S. cohnii isolates, 77.0 % 
was found in the extramammary samples, while 23.0 % was isolated from IMI (Table 2). 
Staphylococcus fleurettii was the most prevalent species isolated from the TA and MMUL 
in herd 2 as well as from milkers. In addition, it was frequently found in IMI (Table 2, 
Fig. 1). In total, 88.0 % of the S. fleurettii isolates was found in the extramammary 
samples, while 12.0 % was isolated from IMI (Table 2). Still in this herd, S. simulans and 
S. xylosus were causing a high number of IMI, although these species were only seldom 
found in any of the extramammary samples (Table 2, Fig. 1). Within these species, 15.0 
and 9.7 % of the isolates, respectively, were from the extramammary samples, while 
85.0 and 90.3 % were from IMI. In herd 3, S. equorum was highly prevalent. It was 
particularly found in MMUL, but also on TA, and milkers’ skin (Table 2, Fig. 1). This 
species appeared to be typically environmental in origin (bound to one herd), as it was 
only rarely isolated from IMI (47 isolates overall, of which 97.9 % in extramammary 
samples and 2.1 % in IMI) (Table 2).  
Within each herd, the distribution of CNS in MMUL corresponded with the 
distribution on TA (Fig. 1). Most of the species present on MMUL and TA were also found 
on the milkers’ skin, except for S. chromogenes, which was never isolated from the 
milkers. Staphylococcus chromogenes was very rarely cultured from the extramammary 
niches but was causing the majority of IMI over all herds, and in herd 1 and 3 in 
particular. In fact, more than 90.2 % of all S. chromogenes isolates were causing IMI 
while only 9.8 % was present in extramammary samples. Staphylococcus haemolyticus 
and S. sciuri were present in all herds, and 82.0 % and 90.9 % of the isolates of these 
species were found extramammary, while 18.0 % and 9.1 % were causing IMI, 
respectively (Table 2). 
 
  
Table 2: Distribution of coagulase-negative Staphylococcus isolates within the parlour-associated extramammary niches [teat apices (TA), milking 
machine unit liners (MMUL), milker (Mi)] and intramammary infections (IMI) in 3 commercial Flemish dairy herds.  
    Extramammary samples (EMS)   IMI1 
  
TA 
 
MMUL 
 
Mi 
 
Subtotal EMS 
   
 
Species 
 
n 
TA  
(%) 
species  
(%)  
n 
MMUL  
(%) 
species  
(%)  
n  
Mi  
(%) 
species  
(%)  
n 
EMS  
(%) 
species 
(%)  
n 
IMI  
(%) 
species 
(%) 
S. auricularis   2 2 33   1 1  17   3 8 50   6 2 100   0 0 0 
S. capitis 
 
1 1 33 
 
0 0 0 
 
2 5 67 
 
3 1 100 
 
0 0 0 
S. chromogenes 
 
4 3 4 
 
5 4  5 
 
0 0 0 
 
9 3 10 
 
83 47 90 
S. cohnii 
 
34 29 39 
 
27 21  31 
 
6 16 7 
 
67 23 77 
 
20 11 23 
S. devriesei 
 
0 0 0 
 
1 1  17 
 
0 0 0 
 
1 0 17 
 
5 3 83 
S. epidermidis 
 
1 1 20 
 
1 1  20 
 
2 5 10 
 
4 1 80 
 
1 1 20 
S. equorum 
 
13 11 28 
 
28 21  60 
 
5 14 11 
 
46 16 98 
 
1 1 2 
S. fleurettii 
 
21 18 42 
 
21 16  42 
 
2 5 4 
 
44 15 88 
 
6 3 12 
S. haemolyticus 
 
25 21 41 
 
19 14  31 
 
6 16 10 
 
50 17 82 
 
11 6 18 
S. hominis 
 
5 4 39 
 
1 1  8 
 
7 19 54 
 
13 5 100 
 
0 0 0 
S. hyicus 
 
2 2 67 
 
0 0  0 
 
0 0 0 
 
2 1 67 
 
1 1 33 
S. lugdunensis 
 
0 0 0 
 
1 1  100 
 
0 0 0 
 
1 0 100 
 
0 0 0 
S. nepalensis 
 
0 0 0 
 
0 0  0 
 
1 3 100 
 
1 0 100 
 
0 0 0 
S. pasteuri 
 
0 0 0 
 
0 0  0 
 
0 0 0 
 
0 0 0 
 
1 1 100 
S. saprophyticus 
 
0 0 0 
 
1 1  100 
 
0 0 0 
 
1 0 100 
 
0 0 0 
S. sciuri 
 
8 7 24 
 
20 15  61 
 
2 6 6 
 
30 10 91 
 
3 2 9 
S. simulans 
 
2 2 10 
 
1 1  5 
 
0 0 0 
 
3 1 15 
 
17 10 85 
S. vitulinus 
 
1 1 33 
 
2 2  67 
 
0 0 0 
 
3 1 100 
 
0 0 0 
S. warneri 
 
0 0 0 
 
0 0  0 
 
1 3 100 
 
1 0 100 
 
0 0 0 
S. xylosus 
 
0 0 0 
 
3 2  10 
 
0 0 0 
 
3 1 10 
 
28 16 90 
Total   119 100 26   132 100  28   37 100 8   288 100 62   177 100 38 
 
1Intramammary infections (based on 3 consecutive monthly milk samples) as described in Supré et al.. 2011. 
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Figure 1. Distribution of the coagulase-negative Staphylococcus species within 3 commercial 
dairy herds and in different parlour-associated extramammary niches [teat apices (TA), milking 
machine unit liners (MMUL), milker (Mi)] and from intramammary infections (IMI), expressed 
as percentage of isolates relatively to the total number of isolates in the respective niche. 
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DISCUSSION 
The distribution of CNS species present on TA, in MMUL, and MSG was mapped, 
and compared with the distribution of CNS species causing IMI in the same herds. We 
focused on niches related to the milking process as potential IMI sources, in an attempt 
to further our knowledge on the epidemiology of different CNS species, and as an 
addition to an earlier study performed on different farms focusing on the relation 
between IMI-causing CNS and the barn environment (air, stall floor, sawdust in cubicles, 
and fresh sawdust) (Piessens et al., 2011). Knowledge of likely fomites and sources for 
IMI-causing CNS are helpful to prevent IMI with those species that seem to have a 
considerable impact on udder health, such as S. chromogenes, S. simulans, and S. xylosus 
(Supré et al., 2011).  
There have been other studies in which the distribution of CNS species on different 
sites was compared with that of mastitis-causing species (Devriese and de Keyser, 1980) 
but species identification was done using phenotypic methods, which may have limited 
accuracy (Zadoks and Watts, 2009). Only more recently, genotypic tests have been 
introduced for CNS species differentiation (Taponen et al., 2008; Park et al., 2010; Braem 
et al., 2011; Piessens et al., 2011). We used tRNA-intergenic spacer PCR (Supré et al., 
2009) which showed a high typeability for CNS from extramammary sites in this study 
as only 1.4 % of the isolates could not be identified to the species level with this method. 
Additional strain typing is needed to confirm whether the parlour-associated 
extramammary sites and mammary gland harbor the same CNS strains. 
 
One of the most obvious findings of this study was the highly herd-dependent CNS 
distribution over the extramammary niches. Staphylococcus cohnii, S. fleurettii, and S. 
equorum were predominant in herd 1 to 3, respectively. Herd-to-herd differences in 
species distribution were also described for CNS from sawdust, floors, and air, in 
particular for S. fleurettii but not for S. cohnii and S. equorum (Piessens et al., 2011). 
Staphylococcus haemolyticus and S. sciuri were present in the extramammary niches in 
all herds in the present study, which corresponds well to the findings of a previous study 
in which the environmental distribution of CNS species in six other Flemish herds was 
explored (Piessens et al., 2011). 
Despite post-milking teat disinfection, high numbers of CNS were isolated from TA. 
The high herd-dependency of the TA microflora was probably not significantly altered 
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by the post-milking teat disinfection product, because all farmers used a similar product 
(iodine dip or spray). The proportion of colonized TA differed clearly between herds. In 
herd 3, in which the lowest number of TA was colonized, teats were sprayed post 
milking rather than dipped. This could be an explanation, although dipping and spraying 
procedures were scrutinized on all herds during sampling and, in general, 2/3rd of each 
teat surface was covered with dipping or spraying solution, which was considered to be 
satisfactory. Colonization of TA might originate from the high load of CNS in the barn 
environment, which has been described in other Flemish dairy herds (Piessens et al., 
2011). The most frequently encountered CNS species on TA in our study were S. cohnii, 
S. haemolyticus, S. fleurettii, S. equorum, and S. sciuri. Staphylococcus chromogenes was 
only occasionally isolated from TA (2.9 % of all TA swabs) (data not shown). Contrarily, 
this species colonized 10 % of the TA from 123 end-term dairy heifers (De Vliegher et 
al., 2003) and was described as a typical skin microflora opportunist years ago (Devriese 
and de Keyser, 1980). Taponen et al. (2008) found also a considerable number of S. 
chromogenes isolates on the udder skin. Staphylococcus simulans did not colonize TA in 
our study, although it has been frequently isolated from sawdust and floors (Piessens et 
al., 2011) and close contact of the TA with sawdust is assumed. Staphylococcus xylosus 
was previously considered a typical teat skin inhabitant (Devriese and de Keyser, 1980; 
Taponen et al., 2008) but this is not supported by our data because we did not find S. 
xylosus on teat apices. An association between pre- and post-milking TA colonization is 
difficult to interpret using the current data as TA were disinfected with alcohol (because 
of milk sampling) in between samplings. In herd 2, a distinctly lower number of 
colonized TA was noticed post-milking compared to pre-milking, however, no clear 
explanation could be defined.  
An efficient cleaning procedure of the milking machine in between milkings was 
evidenced by the absence of CNS in all but one pre-milking MMUL swabs. After the 
milking process, however, a surprisingly large number of MMUL became CNS positive. In 
the study of Taponen et al. (2003), only one CNS isolate was found in the MMUL but 
sampling was carried out after washing the MMUL so the exact impact of the milking 
process on the contamination of MMUL could not be measured. In our study, a 
comparable CNS-species distribution on the TA and in the MMUL was observed within 
each herd. In fact, when a CNS species was present on the TA of a particular herd, the 
same species was found in the MMUL as well. Therefore, one could assume that 
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colonized TA result in culture positive MMUL. It is hard to interpret whether or not the 
MMUL, in their turn, were acting as fomites for cow-to-cow transmission of TA 
microflora, because the TA were disinfected in between samplings and the effect of this 
disinfection is not fully known. This should be studied in more detail. Still, 41.2 % of the 
CNS present on TA post-milking were not present prior to milking, indicating that MMUL 
might indeed be responsible for transmission. Finding the same species on TA as well as 
in MMUL, or on TA prior and post-milking, is no conclusive evidence of transmission, 
since different strains within species might be involved. Other plausible causes of 
contamination of the MMUL could be through contact with CNS-positive milk or direct 
environmental contamination of MMUL. Because the inner liners were sampled and 
milking units were only seldom kicked off during sampling, the latter is assumed to be 
unlikely. Contact of the inner liners with CNS-positive milk might be a plausible 
explanation for S. cohnii-, S. haemolyticus-, and S. fleurettii-positive MMUL. However, as S. 
equorum was rarely found to be causing IMI, shedding in milk was limited and this 
theory does therefore not apply for this species. In addition, some herds had a high 
number of IMI due to certain CNS species (e. g. S. simulans and S. xylosus in herd 2, and S. 
chromogenes in all herds) whereas these species were only rarely isolated from MMUL. 
Liners have been found to be contaminated with S. aureus strains either colonizing skin 
or causing IMI (Zadoks et al., 2002). As the strains were specific for skin microflora or 
for IMI, it was assumed that transmission from skin microflora to the intramammary 
compartment (or vice versa) was rare. This could also be the case for species within the 
group of CNS or strains within species, although this remains to be studied. In our 
opinion, it is likely that MMUL were contaminated with CNS due to contact with the teat 
skin. 
Using the interpretation of Thorberg et al. (2006) for our data, the skin microbiota 
of the milker on farm 1 seemed to particularly contain S. hominis by nature (isolated 
from elbow bends only), while S. nepalensis, S. sciuri, and S. equorum were considered to 
be contaminating the skin (only present on gloves or bare hands, but not on elbow 
bends). On farm 2, S. epidermidis was considered as the milkers’ microflora, and S. 
warneri as contamination. In our opinion, it is not likely that the S. nepalensis (farm 1) 
and S. warneri (farm 2) contaminated the MSG as a consequence of contact with milk or 
TA, because these species were not found to be shed in milk in these herds throughout 
13 months of sampling (Supré et al., 2011) or to be part of the TA microbiota. Both 
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species are occasionally found in the barn environment (Piessens et al., 2011), providing 
a possible source for contamination of milkers’ gloves or skin. On farm 3, the milkers’ 
microflora seemed to consist of S. hominis, S. auricularis, S. capitis, and S. epidermidis, 
while S. haemolyticus and S. sciuri were considered contaminating the skin. The 
remainder of species (S. cohnii and S. haemolyticus on farm 1, S. fleurettii on farm 2, and 
S. equorum on farm 3) were isolated from elbow bends (indicating that they belong to 
the human microbiota) but also from gloves (indicating a potential environmental 
origin). Interestingly, these CNS species represent the majority of TA- and MMUL-
isolates on the respective farms. Finding them on the elbow bends might be due to 
contamination of the elbows, but might as well be explained by the existence of a shared 
microbiota between cows and humans. However, this is an assumption that needs 
further work and strain typing to be substantiated. Whether or not S. cohnii, S. 
haemolyticus, S. fleurettii, and S. equorum are transferred from humans to bovines or vice 
versa is hard to trace. Except for S. haemolyticus, these particular CNS species have, to 
our knowledge, not frequently been reported in human studies (Piette and Verhaegen, 
2009). Thorberg et al. (2006) hypothized that S. epidermidis might be transmitted from 
humans to bovines, but this species was not frequently found in our study nor in that of 
Taponen et al. (2008). However, S. epidermidis was causing a substantial number of IMI 
in our other study (Piessens et al., 2011), emphasizing once more that the distribution of 
CNS species is herd specific. 
When comparing the parlour-associated extramammary sites to the IMI data from 
the selected herds in our study, it seems that TA and MMUL might play a role as fomites 
for IMI for some species (i. e. S. cohnii, S. fleurettii, S. haemolyticus, and S. sciuri) but not 
for all. Staphylococcus equorum favors the environment (Piessens et al., 2011) and might 
then be able to colonize the TA, but the ability of this species to infect the mammary 
gland seems to be low. Contrarily, IMI with CNS species that are able to increase the 
quarter milk SCC to the level associated with S. aureus IMI (i. e. S. chromogenes, S. 
simulans, and S. xylosus) (Supré et al., 2011) seem to emanate from non-environmental 
sources. In fact, data from our study and previous work (Piessens et al., 2011) show that 
S. chromogenes rarely occurs on TA, MMUL or in the barn environment. This strongly 
suggest that S. chromogenes is primarily a host-adapted, intramammary pathogen. Often, 
persistent S. chromogenes IMI occur, providing a potential reservoir of IMI for other 
animals. However, assuming that cow-to-cow transmission of IMI pathogens via MMUL 
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or MGS, no transmission route could be indicated. Staphylococcus simulans was 
previously described as cause of IMI as well as being present in the barn environment 
(slatted floors and sawdust in cubicles) (Piessens et al., 2011), but we could hardly 
isolate this species from TA or MMUL. We report S. xylosus as adapted to the mammary 
gland since it was predominantly present in IMI and absent in the environment. This is 
not concordant with an earlier study in which S. xylosus was seen as typical bovine teat 
skin resident (Devriese and de Keyser, 1980), and other studies that did not found S. 
xylosus as a cause of IMI (Taponen et al., 2008; Piessens et al., 2011). Staphylococcus 
haemolyticus appears to be abundantly present (this study and Piessens et al., 2011) in 
all herds and in both the extramammary and intramammary compartments.   
 
CONCLUSIONS 
Cross-sectional sampling of extramammary niches related to the milking process 
(TA, MMUL, and MSG) revealed that the distribution of CNS species is highly herd-
dependent for the majority of species. The most prevalent species in the extramammary 
samples were S. cohnii, S. fleurettii, and S. equorum in herd 1 to 3, respectively, while S. 
haemolyticus and S. sciuri were present in all herds. TA and MMUL shared similar CNS 
distributions on each herd. When the extramammary CNS distribution was compared 
with that of IMI due to CNS on the same herds, it was noticed that S. chromogenes, S. 
simulans, and S. xylosus favor the mammary gland and were barely found on TA, MMUL, 
and MSG, while S. equorum preferred the extramammary niches. Staphylococcus cohnii, 
S. haemolyticus, S. fleurettii, and S. sciuri were considered less adapted to one of the 
compartments in particular. The MSG harbored a specific microbiota, and in addition, 
some species were shared between human skin and the other niches sampled in this 
study. 
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Interest in coagulase-negative staphylococci (CNS) has risen because they have 
become the most prevalent bacteria cultured from cows’ milk in many parts of the world. 
In addition, CNS are causing the majority of intramammary infections (IMI) in fresh 
dairy heifers, with heifer mastitis being a problem in many herds. The scope of this 
thesis was to expand our knowledge on the epidemiology of the different CNS species 
causing IMI in dairy herds, their distribution in milk and parlour-associated 
extramammary niches (such as teat apices, milking machine unit liners, and milkers’ 
skin and gloves), and on their impact on udder health.  
Transfer RNA-intergenic spacer PCR (tDNA-PCR) was optimized and found 
suitable to be used in our field work (Chapter 4). A cluster of unidentifiable isolates was 
scrutinized and identified as a novel Staphylococcus species, S. devriesei (Chapter 5.1), 
and through contact with a Finnish research group, another previously unknown species, 
S. agnetis, was described (Chapter 5.2). A longitudinal field study was conducted on 3 
commercial Flemish dairy herds (Chapter 6), showing that S. chromogenes, S. cohnii, S. 
simulans, and S. xylosus were causing the majority of CNS IMI. We revealed that these 
species, except S. cohnii, increased the quarter milk SCC to the level of S. aureus, 
illustrating they merit special attention. Still, none of the CNS species caused clinical 
mastitis (Chapter 6.1), indicating that the pathogenicity of the CNS group should not be 
exaggerated. We showed that the CNS distribution in milk and the parlour-associated 
extramammary niches was highly herd-dependent. For the species with the highest 
pathogenic significance, the distribution in milk and in parlour-associated 
extramammary niches differed (Chapter 6.2), indicating that other infection sources or 
vectors might play a role in the transmission of these CNS. 
In this chapter, the results of the studies are discussed. 
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Insights in CNS species identification. The CNS group has historically been 
considered of minor importance for bovine udder health. Species differentiation was 
therefore not a priority. If ever performed, phenotypic characteristics were used to do so. 
Although rather easily applied in veterinary routine labs, the commercially available 
phenotypic test kits (such as API Staph® or Staph Zym®) lacked reproducibility and 
interpretation of test results was often subjective (Burriel and Scott, 1998; Thorberg and 
Brändström, 2000; Zadoks and Watts, 2009). Additional tests were frequently needed to 
come to a final and exclusive result (Renneberg et al., 1995; Thorberg and Brändström, 
2000). When molecular tools were introduced in CNS research, it became clear that 
typeability and accuracy of the test kits were insufficient for the identification of bovine 
CNS isolates (Sampimon et al., 2009b). Accordingly, we question the data that have been 
published on CNS epidemiology using phenotypic identification, and strongly discourage 
their use when species-specific aspects of CNS are studied. Molecular CNS identification 
is the way to go, although we agree that acquisition of the molecular equipment is costly, 
and a restraining factor especially for routine veterinary labs. Once the material is 
present, however, cost and hands-on time per isolate are comparable to phenotypic 
testing (Zadoks and Watts, 2009). Outsourcing the molecular analyses such as gene-
sequencing to an extern lab has also become an affordable option. The variety in 
molecular tools is abundant and the choice which to use depends highly on what is 
available in the lab, as was the case in our work (Chapter 4). Transfer RNA-intergenic 
spacer PCR (tDNA-PCR) combined with capillary electrophoresis was available and had 
proven to be accurate for the identification of, among others, enterococci, lactobacilli, 
Listeria species, and streptococci (Vaneechoutte et al., 1998; Baele et al., 2000; 2001; 
2002). tDNA-PCR is based on the species-specific polymorphism in lengths of the 
spacers between the genes encoding the transfer RNA (Welsh and McClelland, 1991). 
tDNA-PCR has been combined with gel electrophoresis to visualize the fragments for 
identification of staphylococci from human origin (Maes et al., 1997), but not with 
capillary electrophoresis. Additionally, tDNA-PCR, either with our without capillary 
electrophoresis, had never been validated for the identification of CNS isolates 
originating from cows before the start of this PhD study. Still, we think that the 
performance of molecular tools should be evaluated properly, and for the niche of 
interest before use (Chapter 4). 
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tDNA-PCR reached an acceptable typeability and a high accuracy. When 
evaluating tDNA-PCR (Chapter 4), we considered both technical failure as well as 
unacceptable matching with the database (defined as < 80 % similarity with a library 
entry and no visual match with a cluster in the Treeview results) as ‘unidentified’ 
isolates when determining typeability. Additionally, we calculated accuracy as the 
percentage of correct identifications relatively to all isolates that were given an 
identification, hence, ‘unidentified’ isolates were not considered. E. g., if tDNA-PCR 
identified (whether or not correctly) 85 isolates out of 100 (thus, 85 % typeability), and 
one was misidentified compared to a reference method we calculated accuracy as 84/85 
(98.8 %). We state that, in this example, íf an isolate was given an identification with our 
method, there is a 98.8 % chance that it was correctly identified. In our opinion, 
typeability is an important performance criterium of a method but it does not interfere 
with accuracy, because it only reflects the percentage of isolates requiring extra steps 
for their identification. Originally, the tDNA-PCR library consisted of mostly human 
reference strains, and by updating it with well-identified CNS originating from bovine 
milk and teat apices, we were able to increase both typeability and accuracy 
substantially (Chapter 4). These results support the hypothesis that strain differences 
exist between isolates of a bacterium originating from different host species (e. g. human 
versus bovine), or different sampling sites, impeding correct species identification 
(Sampimon et al., 2009b). In fact, the tDNA-PCR library update increased accuracy from 
94.1 % to 99.2 % (Chapter 4), which is similar to the accuracy of amplified fragment 
length polymorphism (AFLP) analysis (Piessens et al., 2010) and higher than (GTG)5-
PCR (94.2 %) (Braem et al., 2011) (Table 1). The latter two molecular tools were 
validated within our research team using the same set of isolates and study design as in 
our validation study (Chapter 4). Park et al. (2011) reported a 100 % accuracy for gap 
PCR-restriction fragment length polymorphism (RFLP) analysis compared to 16S rRNA 
sequencing (Table 1). Nevertheless, 16S rRNA based identification is not sufficient for 
differentiation of Staphylococcus species because this gene is too conserved, resulting in 
an inadequate discriminatory power (CLSI, 2007; Shah et al., 2007). After updating the 
tDNA-PCR library, the typeability increased from 81.9 % to 91.0 % (Chapter 4), but it 
remained still a bit lower than AFLP (98.4 %; Piessens et al., 2010), (GTG)5-PCR (93.1 %; 
Braem et al., 2011), and tuf sequencing (93.9 %; Capurro et al., 2008) (Table 1).  
General discussion 
 
161 
 
The performance of tDNA-PCR was rather species-specific (Chapter 4). The 
typeability for S. warneri, S. haemolyticus, S. hyicus, and S. sciuri was only moderate (< 
90.0 %) (Table 1). At least for S. warneri, we link this low typeability to the limited 
number of isolates tested (1 unidentified out of 4 tested). For S. haemolyticus, we 
experienced high variability between its tDNA-PCR patterns as well as rpoB sequences, 
potentially explaining the lower typeability. Recently, Piessens and coworkers (in press) 
noticed a high variability within the S. haemolyticus genome. Interestingly, this species 
causes IMI (Chapter 6.1) but is also frequently isolated from the barn environment 
(Piessens et al., 2011) or parlour-associated niches such as teat apices, milking machine 
unit liners, and milkers’ skin and gloves (Chapter 6.2). Strain typing will be essential 
when trying to elucidate the epidemiology of S. haemolyticus. Consistent with our 
opinion, Welsh and McClelland (1991) already suggested that this species consists of at 
least two divergent groups of strains. Interestingly, of all CNS species found in a human 
neonatal care unit, S. haemolyticus showed the least genetic diversity based on pulsed-
field gel electrophoresis (PFGE) (Klingenberg et al., 2007). Typeability for S. hyicus was 
88.9 % (Table 1). The close relatedness between this species and S. chromogenes, and 
the large genomic diversity within the species S. hyicus, were mentioned before (Zadoks 
and Watts, 2009; Piessens et al., 2010). Recently, we revealed the existence of a new 
species within the S. chromogenes/S. hyicus group (Chapter 5.2). This probably all 
contributed to the troublesome differentiation between S. chromogenes and S. hyicus. In 
contrast to the variation noticed in tDNA-PCR patterns of the species S. haemolyticus and 
S. hyicus/S. chromogenes, tDNA-PCR would designate S. arlettae as a subspecies of S. 
equorum, rather than as a separate species (Fig. 1). However, tDNA-PCR was able to 
correctly identify isolates as S. arlettae (data not shown). 
Although updating the tDNA-PCR library was effective, the moderate typeability 
remains a point of attention. We chose to apply a rather stringent threshold value (80 %) 
to identify an isolate based on the Treeview results (Chapter 4). Using a more tolerant 
cut-off would increase the typeability, but we were not willing to give in on accuracy. 
When a considerable number of CNS isolates from a particular herd remain unidentified 
(which might indicate that S. haemolyticus, S. hyicus, S. sciuri, or S. warneri are highly 
prevalent; Table 1), we propose to submit a selected number of isolates from the herd 
for sequencing of the rpoB housekeeping gene. Subsequently, the resulting (accurate) 
identification can be added in the tDNA-PCR library and thus used as reference for the 
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identification of other CNS from that herd. This rather easy polyphasic approach is, to 
our knowledge, applicable for all molecular tests that use an (adjustable) library 
although it involves extra steps with an extra cost.  
In our final study (Chapter 6.2), we scrutinized parlour-associated extramammary 
niches (teat apices, milking machine unit liners, and milkers’ skin and gloves) as 
potential sources or fomites for IMI caused by CNS. Before starting that study, we 
changed from the DNA extraction method of Baele et al. (2000) (Chapter 4 – 6.1) to that 
of Unal et al. (1992) as a potential solution for the moderate tDNA-PCR typeability. After 
this adjustment, there were no failed runs and the tDNA-PCR peak patterns were more 
easily interpretable, leading to a higher chance of a proper match with the library and an 
increased typeability (98.6 %). We expected a lower performance of tDNA-PCR to 
identify CNS isolates from the liners and milkers’ skin and gloves, because isolates 
originating from these niches were not present in the updated tDNA-PCR library. In fact, 
strain differences might occur between isolates of these niches compared to the ones in 
the library (teat apices and milk), hampering identification. Thus, besides an improved 
DNA extraction protocol, the high typeability of isolates from liners and milkers’ skin 
and gloves suggests that the CNS strains found in these niches are highly similar to the 
strains from milk and teat apices included in our tDNA-PCR library. We did not test the 
latter DNA extraction protocol on milk isolates and thus cannot verify if this would 
result in a higher typeability for this niche as well but we expect it does. 
Accuracy of tDNA-PCR for CNS from the milker and from liners was not 
determined as we did not compare with sequencing identification. According to 
literature, most molecular tests are able to accurately identify human CNS isolates (Maes 
et al., 1997; Mendoza et al., 1998; Poyaert et al., 2001) so we hypothesize that our tDNA-
PCR with capillary electrophoresis accurately identified isolates from the milkers. To our 
knowledge, only Taponen and colleagues addressed the milking machine as potential 
fomite for CNS IMI, but only one CNS isolate was cultured (Taponen et al., 2008). 
Because tDNA-PCR was highly accurate in identifying CNS originating from teat apices 
and we found that the CNS-species distributions in the liners and on teat apices are 
comparable (Chapter 6.2) (moreover, these strains might be equal due to transmission 
from teats to the liners), we hypothesize that accuracy is high for CNS from liners, as 
well. 
  
 
Table 1. Typeability (calculated as the % of isolates given an identification) and accuracy (calculated as the % of correct identifications out of all 
identified isolates) of the transfer RNA-intergenic spacer PCR (tDNA-PCR) with its updated library (Chapter 4) and the DNA extraction protocol of 
Baele et al. (2000) compared to other frequently used molecular methods, to identify bovine CNS isolates originating from milk and teat apices. 
  
tDNA-PCR1  rpoB-sequencing2  tuf-sequencing3  (GTG)5-PCR4  AFLP5  gap PCR-RFLP6 
  
T7 A8  T A  T A  T A  T A  T A 
Over all tested isolates 
 
91.0 99.2  88.9 nd9  93.9 nd  93.1 94.2  98.4 99.2  97.0 100 
Most prevalent species in IMI 
   
 
  
 
  
 
  
 
  
 
  
S. capitis 
 
100 100  100.0 nd  nd nd  0 nd  100.0 100.0  100 100 
S. chromogenes 
 
94.1 97.7  98.0 nd  100 nd  97.9 100  100.0 100.0  100 100 
S. cohnii 
 
100 100  100.0 nd  nd nd  100 100  100.0 100.0  100 100 
S. epidermidis 
 
91.7 100  100.0 nd  100 nd  100 84.6  100.0 100.0  100 100 
S. haemolyticus 
 
87.5 100  100.0 nd  83.3 nd  87.5 85.7  87.5 100.0  100 100 
S. hominis 
 
nd nd  nd nd  nd nd  nd nd  nd nd  100 100 
S. hyicus 
 
88.9 100  77.8 nd  100 nd  100 100  100.0 87.5  0 nd 
S. sciuri 
 
88.9 100  88.9 nd  nd nd  100 77.8  100.0 100.0  100 100 
S. simulans 
 
100 100  100.0 nd  100 nd  100 100  100.0 100.0  100 100 
S. warneri 
 
75.0 100  100.0 nd  100 nd  100 100  100.0 100.0  100 100 
S. xylosus 
 
90.9 100  100.0 nd  100 nd  100 87.5  100.0 100.0  100 100 
 
1 Milk and teat apex isolates (Chapter 4 [validation set]); 2 milk and teat apex isolates (Chapter 4 [validation set]); 3 milk isolates (Capurro et al., 2008); 
4 milk and teat apex isolates (Braem et al., 2011); 5 milk and teat apex isolates (Piessens et al., 2010); 6 milk isolates (Park et al., 2011); 7 Typeability; 8 
Accuracy; 9 Not determined. 
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tDNA-PCR is a low-cost test and time-to-result is rather short. Some elementary 
equipment (heat block, centrifuge, etc.), a basic PCR machine and a capillary instrument 
are required to perform tDNA-PCR. The latter is a large investment (realistically too 
large for routine veterinary labs), but once the equipment is available, the tDNA-PCR is a 
low-cost method to identify CNS at the species level. Using tDNA-PCR (Chapter 4) with 
the DNA preparation protocol of Unal et al. (1992), costs were calculated to be 
approximately € 3.5 per isolate (excluding expenses related to the equipment). This is 
comparable or even less than most of the commercially available test kits (e. g. € 3.3 per 
Staph Zym® test and € 4.4 per API Staph® test, purchase price), but then of course, no 
expensive equipment is needed for the latter. tDNA-PCR is rather inexpensive compared 
to other molecular methods, such as AFLP (€ 9.8 per isolate) (Van Coillie et al., 2010). In 
addition, 24 samples can be processed with our tDNA-PCR set-up (Chapter 4) within 
about 17 h after acquiring pure cultures in liquid broth, with only about 2 h 30 mins 
hands-on time. The aforementioned phenotypic test kits were supposed to be quick, 
however, interpretation of the results often requires more time than the highly 
automated analysis of tDNA-PCR patterns. Additionally, supplementary tests are 
frequently needed, increasing cost, hands-on time, and run time. For 65.7 % of the CNS 
isolates subjected to Staph Zym® in the study of Sampimon et al. (2009b), extra tests 
were needed. For tDNA-PCR, with 91.6 % typeability (Fig. 1), reruns are also required 
but significantly less often. Moreover, we had a one-capillary sequencer to our disposal, 
but time-to-result can be decreased substantially when a 16-capillary, or more, is used. 
Either way, the tDNA-PCR protocol is faster than other molecular tools such as AFLP 
(Piessens et al., 2010). One should take into account that the construction of a tDNA-PCR 
library also requires considerable effort and cost, but this is also the case for libraries for 
other methods. 
 
tDNA-PCR was able to detect previously undescribed Staphylococcus species, 
but not all. Today, 49 established Staphylococcus species are listed in the NCBI 
Taxonomy database (http://www.ncbi.nlm.nih.gov/Taxonomy/), of which 4 have not 
yet been officially validated as new species. Because more and more CNS research using 
molecular identification is currently being performed, we expect more species to be 
detected over the coming years. Hence, a bonus of an identification tool is the ability to 
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distinguish previously undescribed CNS species as separate and unknown species. 
tDNA-PCR categorized some unknown isolates (Chapter 4) as a separate cluster, and 
initiated the species description of S. devriesei (Chapter 5.1) (Fig. 1). However, no 
distinction could be made between S. hyicus and unknown isolates from a Finnish study 
with tDNA-PCR (Fig. 1). Sequencing of the rpoB and tuf housekeeping genes and AFLP 
fingerprinting described them as S. agnetis (Chapter 5.2). Although a lack of 
discriminatory power is the most probable explanation, this shortcoming of tDNA-PCR 
might partly be attributed to a potential erroneously identification of some S. hyicus type 
and reference strains that had been included in our tDNA-PCR library. More detailed 
research is currently being carried out to unravel this issue (Taponen et al., in 
preparation) because libraries of several methods rely on the correct designation of type 
and reference strains. Recently, another cluster of unknown CNS isolates was 
encountered within our research team, and further study is in progress (Nemeghaire et 
al., in preparation). 
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Figure 1. Dendrogram constructed on the basis of tRNA-intergenic spacer length patterning 
(UPGMA-algorithm), showing the position of S. devriesei sp. nov. (separately identifiable) and S. 
agnetis sp. nov. (indistinguishable from S. hyicus) amongst the most prevalent coagulase-
negative Staphylococcus species in bovine milk samples. Bar represents 10 % divergence in peak 
pattern. 
 
tDNA-PCR is easy to use and its library is easily adjustable. The tDNA-PCR 
primers are applicable to a variety of bacteria (Welsh and McClelland, 1991), and a 
general tDNA-PCR library can be composed for identification without prior knowledge 
on the genus. However, we think it is easier and more accurate to perform a prior 
classification at the genus level, as is done in our study (all chapters) and for AFLP 
(Piessens et al., 2010) and to use a specific (detailed) library of the genus. With its basic 
PCR protocol and the rather manageable handling procedure of the capillary sequencer, 
no specialized personnel is required to perform tDNA-PCR. Additionally, processing the 
obtained peak patterns is uncomplicated because the peaks are automatically translated 
into numerical values. These are easily comparable to the tDNA-PCR library using our 
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in-house software program (www.basehopper.be) (Baele et al., 2000). Besides that, 
cluster analysis for visual interpretation of the relatedness between isolates is possible. 
Nevertheless, some experience in the interpretation of data is appropriate, as for other 
tests. The tDNA-PCR library is easily adjustable. For example, if new species have been 
described, their peak patterns can be added quickly by simply ‘copy-pasting’ the 
numerical peak values into the library file. We believe that a dynamic reference library is 
of great value (compared to the rigid databases of the phenotypic test kits), to keep any 
identification tool up-to-date. 
 
The tDNA-PCR library can only be exchanged between labs using the same type 
of capillary sequencer. The tDNA-PCR library is specific for one type of capillary 
sequencer, moreover, tDNA-PCR proved to be highly reproducible on the condition that 
the same brand and type of capillary instrument is used (Baele et al., 2001b). 
Fingerprints of isolates or library entries can thus be exchanged (digitally) without loss 
of accuracy (unpublished data). When a different type of capillary instrument is used, 
however, a new library has to be created, which is a drawback. An alternative is to run a 
considerable number of samples and to determine which isolates cluster together in a 
Treeview dendrogram. Based on that, a selection of isolates within each cluster can then 
be analysed with a reference method (like sequencing of a housekeeping gene, or an 
established tDNA-PCR). Then, when an identification of the selected isolates is obtained, 
the whole cluster can be assigned a species name. This polyphasic approach was applied 
in a recent study identifying CNS from goats’ milk, where tDNA-PCR combined with an 
ABI Prism 3100 Genetic Analyzer (Applied Biosystems) were used instead of the ABI 
Prism 310 (Koop et al., in preparation). This is a bottle-neck of the tool because 
construction of an in-house library requires efforts, time, and cost. A tDNA library is 
already publically available on the internet (as for gene sequencing) 
(http://users.ugent.be/~mvaneech/All_C.txt), however, a library applicable to all types 
of capillary instruments would encourage a more widespread use of the tDNA-PCR.  
 
tDNA-PCR has not been evaluated for strain typing. In future work studying CNS 
epidemiology, strain typing will be necessary. Actually, to trace sources of all kinds of 
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infections, e. g. intramammary CNS infections, epidemiological typing is essential. Labs 
will benefit from molecular tools allowing for species identification as well as strain 
typing, although most methods are designed for either one of them. Despite the lack of a 
proper evaluation, AFLP serves both (Taponen et al., 2006; Piessens et al., 2010, in 
press). Delivering fingerprints of 30 to 50 bands (representing fragments over the whole 
genome) per isolate, ALFP renders sufficient discriminatory power to look beneath the 
species level (Piessens et al., 2010, in press). A specialized typing technique is multi-
locus sequence typing (MLST) (Smith et al., 2005). This tool (in its original set-up) 
concentrates on housekeeping genes, required for the basic maintenance and survival of 
the bacterial cell. Hence, these genes are relatively stable within a species and are not 
expected to undergo substantial mutations. The combination of the genetic diversity in 
(basically 7) genes should provide substantial discriminatory power to allow strain 
typing. Due to its high flexibility, the discriminatory power of MLST can be further 
increased by selecting genes other than housekeeping genes (e. g. virulence genes). This 
was done extensively for human S. epidermidis strains 
(http://sepidermidis.mlst.net/misc/info.asp; Klingenberg et al., 2007). We are not 
certain, yet, whether the discriminatory power of tDNA-PCR will be sufficient for strain 
typing. Welsh and McClelland (1991) indicated that the tRNA gene clusters of 
staphylococci evolve relatively slowly. However, differences in intergenic spacers and 
not in the tRNA genes themselves are addressed with tDNA-PCR. Random amplified 
polymorphic DNA (RAPD) and PFGE, 2 frequently used strain typing tools, are not 
narrowed to one (group of) gene(s) but detect whole-genome polymorphisms. An 
advancement of the tDNA-PCR for strain typing might be to include all peaks of the 
pattern, compared to eliminating peaks lower than 50 % of the average peak height as 
we did for species identification (Chapter 4). These peaks might represent strain 
specificities. The number of peaks/bands obtained would still be lower than AFLP, but 
comparable with that of RAPD analysis and PFGE. For the moment, we cannot say 
whether or not the intergenic spacers evolve at an appropriate pace to offer sufficient 
basis for strain differentiation, and thus, whether or not tDNA-PCR will detect the more 
rapid adaptive changes a bacterial population undergoes within a herd. When 
comparing the tools applied for the visualisation of DNA fragments, capillary 
electrophoresis is less subject to minor variations (affecting reproducibility) and offers a 
higher resolving power than gel electrophoresis (Vaneechoutte et al., 1998). This is an 
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advantage of our tDNA-PCR set-up and of AFLP (Piessens et al., 2010) compared to the 
PFGE and usual RAPD protocols, although RAPD has recently been applied with capillary 
electrophoresis (El Aila et al., 2009). By using capillary electrophoresis in combination 
with a software program for numerical comparison of fingerprints, like AFLP (Piessens 
et al., 2010) and tDNA-PCR (Chapter 4), a high level of standardization of runs is 
achieved. All in all, we believe that tDNA-PCR should not be neglected in further (CNS) 
strain typing work. However, as long as the tool has not been validated for this purpose, 
its use for strain typing should be avoided. It seems that the tDNA-PCR patterns of CNS 
contain considerable variation within species to allow for a certain level of within-
species differentiation (Fig. 1), at least for most species. 
 
Conclusions. Molecular CNS identification methods have been successfully 
introduced in epidemiological research during the last decades (this thesis; Poyaert et al., 
2001; Jousson et al., 2007; Capurro et al., 2008; Park et al., 2011; Piessens et al., 2010; 
Braem et al, 2011). Each technique has its own advantages and drawbacks, and the 
method of choice is often mainly driven by the availability of certain equipment in the 
laboratory. In our lab facilities, tDNA-PCR combined with capillary electrophoresis was 
available allowing for quick and inexpensive molecular identification. After updating its 
library and adaptation of the DNA extraction protocol, the technique proved to have an 
acceptable typeability and high accuracy for the identification of CNS isolates originating 
from bovines. A major shortcoming of tDNA-PCR is the fact that its library cannot be 
used as such on a different type of capillary sequencer. Also, it should not be used for 
strain typing yet, although we hypothesize that this is possible when using more peaks 
than is done for species identification.  
Anyhow, we would recommend the application of tDNA-PCR combined with 
capillary electrophoresis in research labs. Its use is not restricted to Staphylococcus 
species, nor to mastitis pathogens in general. With a suitable library, the tool can be 
applied to identify isolates from a variety of bacterial genera to the species level, even 
without prior knowledge of the genus (although we recommend a prior differentiation). 
Therefore, we suggest that tDNA-PCR with capillary electrophoresis is also suitable for 
diagnostic labs associated with second or third line human or veterinary clinics, e. g. in 
our veterinary university clinic. We still hypothesize that it is worth examining how to 
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set-up and introduce a more financially viable version of tDNA-PCR to be used in these 
labs. Nevertheless, it should be applied routinely (and thus for different bacteria 
originating from all kinds of samples, not narrowing down to Staphylococcus species 
from milk samples) in order to justify the purchase of the equipment. tDNA-PCR has the 
potential to be fine-tuned according to the needs of the lab. For example, it has been 
applied for (amongst other) the identification of tonsillar and nasal flora of pigs (Baele et 
al., 2001a), and CNS originating from dairy cows (this thesis), goats (Koop et al., 2010; 
McDougall et al., 2010), and buffalos (Locatelli et al., 2010). Similar to what we expect 
for other molecular tools, we doubt that tDNA-PCR combined with capillary 
electrophoresis will find its way to smaller veterinary labs (neither labs specialized in 
mastitis nor general labs). 
 
  
 
 
 
 
 
 
 
 
 
 
 
7.3  EPIDEMIOLOGY OF COAGULASE-NEGATIVE 
STAPHYLOCOCCI
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CNS causing intramammary infections. On average between 5 and 20 % of the 
bovine udder quarters have been reported to be infected with CNS (Chapter 6.1; Piepers 
et al., 2007; Taponen et al., 2007; Tenhagen et al., 2009) although this percentage 
depends on the study design, as does the distribution of the different CNS species. In fact, 
S. chromogenes seems to be the most prevalent CNS species causing IMI in dairy cows, 
but the distribution of other species varies considerable between studies.  
An important decision to make when studying CNS in the field is when to consider 
a quarter as infected, to ascertain the closest estimate of the exact prevalence and 
distribution of species. The number of different criteria to define (CNS) IMI appears to 
be as large as the number of published studies. We wanted to determine the distribution 
of CNS species being able to cause (transient and persistent) IMI, and their impact on 
quarter milk SCC (Chapter 6.1). To avoid false positive CNS IMI status, we used a rather 
stringent IMI definition (applied to all pathogens). A quarter was considered infected if ≥ 
1,000 cfu/mL were present in a single sample or ≥ 500 cfu/mL in at least 2 out of 3 
consecutive (monthly) samplings (IMI A; Fig. 3). When applying a less stringent 
definition (≥ 500 cfu/mL in a single sample) (IMI B; Fig. 3), slight variations were 
noticed such as a higher number of IMI, but the overall distribution of CNS species 
remained similar. The predominance of S. chromogenes, S. simulans, and S. xylosus was 
more pronounced when applying the stringent IMI definitions, while species like S. 
equorum, S. fleurettii, and S. hominis, were less likely to cause IMI. This indicates a 
momentary presence of the latter species in milk, rather than an explicit colonization of 
the mammary tissue. Applying less stringent definitions in a study might thus affect the 
apparent prevalence of a species.  
Another important consideration when designing a CNS field study, as discussed 
extensively in Chapter 7.2, is the species-identification tool. Using a molecular method, 
we identified S. chromogenes, S. xylosus, S. cohnii, S. simulans, and S. haemolyticus as the 
most prevalent CNS causing IMI (Chapter 6.1). Interestingly, S. hyicus was barely isolated, 
while it was highly frequent in the study of Gillespie et al. (2009) and in older work 
(Watts and Owens, 1989). A difference in accuracy of the identification methods might 
explain this discrepancy. Actually, of the 11 isolates identified as S. hyicus by API Staph® 
by Taponen et al. (2006) only 2 were confirmed as S. hyicus by AFLP.  
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Figure 2. Impact of IMI definition (IMI A, stringent definition based on 3 consecutive samplings 
as in Chapter 6.1; IMI B, less stringent IMI definition based on single samplings) on the apparent 
distribution of CNS species in IMI.  
 
Differences in prevalence of CNS as a group and in species distribution between 
herds (and also in parlour-associated extramammary niches) were obvious findings in 
this PhD work (Chapter 6). Herd-level risk factors for CNS IMI have not been studied 
extensively for CNS as a group, nor for specific species. Regular udder health monitoring, 
higher bulk milk SCC, housing dry cows in one group instead of using a far-off and close-
up group, providing non-tap water as drinking water, and pasturing cows during the 
outdoor season were factors significantly associated with a higher herd-level prevalence 
of CNS as a group (Sampimon et al., 2009a). Environmental factors, in particular, were 
associated with CNS IMI in heifers (Piepers et al., 2011). Poor hygiene before calving, 
non-clipped udders, and the absence of teat dipping prior to calving were associated 
with a higher CNS prevalence in heifers. In an older study using phenotypic 
differentiation of CNS, the application of germicidal teat dips altered the CNS-species 
distribution in the mammary gland (Hogan et al., 1987). Although our 3 studied herds 
were located in the same region of Flanders (Belgium) and were managed in a 
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comparable way, the distribution of CNS IMI was herd-dependent which substantiates 
previous findings (Gillespie et al., 2009; Thorberg et al., 2009). Still, we noticed different 
shortcomings in the herds’ udder health management, also judging from the herd-
dependent distribution of the so-called contagious and environmental (major) 
pathogens. Even slight differences in general and udder health management may have 
had an influence on prevalence and distribution of CNS. Unfortunately, we did not 
examine herd-level risk factors explaining those different CNS-species distribution as 
only 3 herds were studied. Further research covering many herds may thus be valuable. 
Besides the previously mentioned factors, country, season of sampling, parity and 
lactation stage of the animals, etc. are intrinsic to the study design and result in variation. 
In Chapter 6.1, cow level factors such as parity and days in milk were available but were 
only used to adjust the parameters of interest when studying the quarter milk SCC. 
Distribution of IMI over e. g. parity and lactation stage was not yet examined in detail.  
We found that the same CNS species can cause IMI over consecutive samplings, 
indicative of a persistent infection (Chapter 6.1). This is different from previous 
paradigms and substantiates more recent findings (Chaffer et al., 1999; Taponen et al., 
2006; Piessens et al., 2011). The majority of species isolated in our study (which caused 
2 or more IMI) were able to cause both transient and persistent infection, except for S. 
fleurettii which caused only transient infections (Fig. 3 b). Nevertheless, without strain 
typing we cannot conclude that these infections were indeed truly persistent. Even 
finding the same strain on different sampling occasions is no conclusive evidence of 
persistence (Zadoks and Schukken, 2006). The existence of a common source or 
reservoir of the particular strain is still possible, although less likely. Further work is 
needed to classify the IMI in our study as persistent or as re-infection with a different 
strain within the same species. 
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Figure 3. Transient (yellow dots) and persistent (red dots) intramammary infections with S. 
chromogenes (a.) and S. fleurettii (b.), and infections with unknown persistency status (grey 
dots), in 3 Flemish (Belgian) dairy herds over 12 samplings during a 13-month study period. 
Numbers identify quarters infected with the respective species, and quarters within a cow are 
indicated with a bracket. 
 
Infection sources and fomites of CNS intramammary infections. A first step in 
elucidating sources or fomites for CNS IMI is to determine how selective a CNS species is 
in choosing its host (meaning host species, organ within a host species, or even organ 
over host species). For different mastitis pathogens, this has been elaborately studied at 
the strain level. During the last decades, interesting new insights have been revealed 
thanks to the application of molecular epidemiology. As such, S. uberis strains have been 
found to spread contagiously as well (Zadoks et al., 2001), while not all strains of S. 
aureus act as host-adapted pathogens as was believed before (Zadoks et al., 2002). Also, 
certain E. coli strains are able to cause chronic infections, indicative of a higher level of 
adaptation to the mammary gland than was historically believed (Bradley and Green, 
2001). A recent study showed that mainly risk factors from the environment were 
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associated with CNS IMI in early lactating heifers (Piepers et al., 2011), suggesting that 
the CNS found in that study were opportunistic in nature. Unfortunately, no further 
differentiation of the CNS was performed. Work performed at the CNS-species level 
using accurate identification tools is scarce, as mentioned before, which opens up 
opportunities for further research.  
Within our research group, the barn environment was recently studied as a 
potential source for CNS IMI (Piessens et al., 2011). Additionally, to elucidate how and to 
what extent the milking process contributes to or influences the transmission of CNS IMI 
between cows, we scrutinized parlour-associated niches (Chapter 6.2). We examined 
whether teat apices and the milkers’ skin (each with their specific flora) could act as 
sources or vectors of CNS IMI. Also, the inner liners of the milking machine are in contact 
with both teat and (potentially CNS infected) milk so we hypothesized that these play a 
role as vectors for CNS IMI. The CNS-species distribution in IMI as well as in the parlour-
associated extramammary niches was highly herd-dependent (Fig. 4) (Chapter 6.2). 
Additionally, for the majority of CNS species, finding a species in one of the niches 
(extra- or intramammary) was associated with finding this particular species in the 
other niches (Fig. 4) (Chapter 6.2). Some CNS species therefore give the impression of 
being herd- rather than host-associated. This was, however, not true for the CNS species 
with the highest pathogenic significance (S. chromogenes, S. simulans, and S. xylosus). 
These 3 species were hardly isolated from extramammary samples yet causing the 
majority of IMI (Fig. 4 and 5) (Chapter 6.2). By comparing the CNS distributions in IMI 
and the aforementioned parlour-associated niches, we would have designated S. 
chromogenes, S. devriesei, S. simulans, and S. xylosus as adapted to the mammary gland 
(Fig. 5) (Chapter 6.2). In other herds within the same region of Belgium, S. simulans was 
labelled as an environmental opportunist, whereas S. xylosus was not cultured from milk 
but was frequently isolated from the barn environment (Piessens et al., 2011). 
Combining these data, we assume an environmental source of S. simulans and S. xylosus, 
from where they can invade the mammary gland, settle themselves in the udder, and 
cause persistent IMI. We would expect that an environmental opportunist has low 
ability to cause persistent infections, however, this has been described before (Zadoks et 
al., 2001). Another possibility is that infected quarters served as sources of infections 
(thus, contagious transmission) but via the environment due to leaking of infected milk, 
as is suggested for Streptococcus uberis (Zadoks et al., 2001). Still, we would than expect 
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that teats are positive for these species, too. The presence of different strains (meaning, 
environmental strains and udder-adapted strains) is another plausible explanation, but 
further research is needed to support or counter this hypothesis.  
We consider S. chromogenes as a contagious bacterium (Chapter 6; Piessens et al., 
2011), still, the question on how this species is transmitted remains partly unresolved. It 
is believed that contagious bacteria spread during milking, via milkers’ hands, teat 
apices, the milking machine, etc. Thus, we expected that the parlour-associated niches 
would contain S. chromogenes, but surprisingly, we barely found this species in these 
niches (Fig. 4). It is hard to believe that pathogens spread from udder to udder without 
using vectors such as the milking machine. A detailed study using a more elaborate 
sampling protocol and strain typing is appropriate to bring more insights. Besides 
differences in the hosts’ resistance, the potential to persist is indicative of a certain level 
of adaptation to the mammary gland. This implies that S. fleurettii is not udder-adapted 
for it is eliminated from the mammary gland shortly after infection (Fig. 3 b) and may 
explain why it is not frequently found to be causing IMI (Fig. 5) (Chapter 6.1). In contrast, 
S. chromogenes, S. devriesei, S. simulans, and S. xylosus (or at least some strains, 
apparently) can act as udder-adapted pathogens, similar to most S. aureus strains that 
cause persistent IMI. 
  
 
Figure 4. Distribution of the coagulase-negative Staphylococcus species within 3 commercial dairy herds and in different parlour-associated 
extramammary niches (teat apices [TA], milking machine unit liners [MMUL], milker [Mi]) and from intramammary infections (IMI), expressed as 
percentage of isolates relatively to the total number of isolates in the respective niche (Chapter 6.1). 
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Figure 5. Distribution of all coagulase-negative Staphylococcus (CNS) isolates either causing 
intramammary infections (yellow) or found in parlour-associated extramammary niches (red) 
per CNS species (Chapter 6.2). 
 
Conclusions. Substantiating previous work, we found that S. chromogenes was the 
predominating species within the CNS IMI (Chapter 6.1). Staphylococcus xylosus, S. cohnii, 
S. simulans, and S. haemolyticus were next in line, but large differences were observed 
within our studied herds (Chapter 6.1) and with other studies. An explanation for the 
differences in CNS distribution might be sought in cow- and herd-level factors, besides 
IMI definitions and species-identification methods. Although a multi-factorial 
explanation is most probable, we believe that especially herd-level factors form an 
opportunity for further study, as some species seem to be more herd- than host-
associated (Chapter 6.2). 
From all CNS causing at least two IMI, only S. fleurettii was unable to cause 
persistent infections. Persistency implies a certain level of udder-adaptation, hence, we 
conclude that almost all CNS species (or at least specific strains within a species) are 
able to adapt to surviving in the bovine udder. However, strain typing is definitely 
needed to support or counter this species-level finding.  
It is hard to reconcile our epidemiologic findings (Chapter 6) for S. chromogenes 
with historical paradigms. In fact, we designated this species as a contagious CNS. 
Although contagious bacteria were thought to spread during milking using the milking 
machine or the milkers’ hands or gloves, we did not find S. chromogenes on the parlour-
associated extramammary niches. Contrarily, S. equorum, S. fleurettii, and S. sciuri could 
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be considered as environmental pathogens with a low potential to cause (persistent) IMI 
(Chapter 6). Staphylococcus cohnii, S. haemolyticus, S. simulans and S. xylosus seem to 
cover an intermediate position, as they might have a source in the environment (Chapter 
6.2; Piessens et al., 2011) but frequently caused persistent IMI.  
The discrepancy in the epidemiological behaviour within species might be due to 
strain differences, as we discussed before for S. aureus and S. uberis. A major limitation 
of our studies is thus the absence of strain typing. Our data did enable us to draw some 
conclusions on CNS epidemiology and transmission dynamics at the species level, but 
opened up even more questions. However, our field data contribute to the knowledge 
and provide a solid basis for further (strain level) research. 
 
  
 
 
 
  
  
 
 
 
 
 
 
 
 
 
 
 
7.4  IMPACT OF COAGULASE-NEGATIVE 
STAPHYLOCOCCI ON BOVINE UDDER HEALTH
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CNS group as cause of clinical mastitis and impact on somatic cell count. The 
supposedly harmless nature of CNS is subject of debate in the scientific world. 
Historically, CNS were often ignored when it came to bovine udder health and they were 
merely considered as innocent commensals of the (teat) skin and mucosae that can also 
survive in the environment (White et al., 1989; Matos et al., 1991; Matthews et al., 1992; 
Gill et al., 2006). The decreased prevalence of major pathogens on well-managed dairy 
herds and the resulting higher relative presence of the CNS group, led to an increased 
interest in this group of staphylococci. The CNS are able to cause a mild inflammation of 
the mammary tissue, manifested by a moderate increase in SCC (Chapter 6.1) and, in 
rare cases, (mild) clinical signs. Literature abounds of papers substantiating this finding 
(e. g. Hogan et al., 1987; Timms and Schultz, 1987; Wilson et al., 1997; Bedidi-Madani et 
al., 1998; Chaffer et al., 1999; Djabri et al., 2002; Taponen et al., 2007; Schukken et al., 
2009). CNS have been isolated as only pathogens in less than 15 % of the clinical cases 
(Oliver and Jayarao, 1997; Waage et al., 1999) although it should be questioned whether 
or not the CNS were the causative pathogens. During our 13-month longitudinal study 
on 3 commercial dairy herds in Flanders (Belgium) (Chapter 6.1), we did not come 
across any case of clinical mastitis caused by CNS. Still, we concluded that the geometric 
mean quarter milk SCC of CNS IMI (137,000 cells/mL) was about 5 times higher than 
negative quarters (26,800 cells/mL), and thus higher than previously reported 
(Sampimon et al., 2009a). Nevertheless, CNS infected quarters had a significantly lower 
SCC than quarters infected with S. aureus (494,900 cells/mL) (Chapter 6.1). Compared to 
C. bovis (87,700 cells/mL), CNS IMI caused a significantly higher quarter SCC. Still, we 
confirmed the minor pathogenic potential of the CNS group. Sampimon and coworkers 
(2010) suggested that, although the SCC increase of CNS-infected quarters is moderate, 
the total herd-level effect of CNS on particularly low bulk milk SCC herds can be 
considerable, specifically when the prevalence of CNS infected cows in those herds is 
high. This was also shown by Schukken et al. (2009). We did not estimate the impact of 
CNS IMI on the bulk milk SCC because of the small number of herds included, but we 
think that the presence of IMI caused by major pathogens was much more important. 
However, CNS might become increasingly important as more and more farmers strive 
for a low to very low bulk milk SCC (Schukken et al., 2009; Sampimon et al., 2010). 
Fortunately, only a very small proportion of herds exceed the legal or regulatory limit 
for bulk milk SCC due to CNS IMI only (Schukken et al., 2009).   
Chapter 7 
 
186 
 
CNS species as cause of clinical mastitis and impact on somatic cell count. The 
objective of this thesis was to step away from CNS as one entity (as was the general 
approach for long), and to study the different species in more detail. We showed that 
(minor) differences between CNS species causing IMI exist as some species had a more 
pronounced impact on quarter milk SCC than others (Chapter 6.1) although none of the 
species caused clinical mastitis. High doses of an S. chromogenes strain were also needed 
to experimentally induce clinical mastitis and only mild clinical signs were induced 
(Simojoki et al., 2009). No differences in severity of the clinical cases were found 
between CNS species in an older study (Jarp, 1991). Most phenotypic studies are not 
able to find interspecies difference in impact on SCC (Hogan et al., 1987; Watts and 
Owens, 1989; Jarp, 1991; Chaffer et al., 1999). Particular merits of our study (Chapter 6.1) 
were (1) the use of molecular methods for CNS species identification, (2) the use of 
stringent IMI definitions in a longitudinal field setting to only include true IMI, and (3) 
the use of multilevel analyses, in order to take into account other factors than IMI status 
that potentially have an impact on the quarter milk SCC. To our knowledge, this is the 
first published molecular study in which the species-specific effect on bovine quarter 
milk SCC has been estimated with that level of detail (Chapter 6.1), although worldwide 
research on this topic is on-going (e. g., proceedings of the ‘Seminar on CNS in the 
bovine’, September 15-16th, 2010, Ghent, Belgium). From our data we conclude that S. 
cohnii is a true minor important species, as the SCC of S. cohnii infected quarters did not 
differ significantly from non-infected quarters (Table 2) (Chapter 6.1). Interestingly, the 
SCC of quarters infected with S. chromogenes, S. simulans, or S. xylosus was not different 
from S. aureus-infected quarters in our study. We thus conclude that S. chromogenes, S. 
simulans, and S. xylosus are the more pathogenic species within the CNS group. Based on 
our data, we still would not regard the mentioned species as equally important as the 
‘true’ major pathogens S. aureus or streptococci, because none of the CNS species was 
causing clinical mastitis in our study (Chapter 6.1), although incidence of clinical cases 
was not low.  
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Table 2. Quarter milk SCC (expressed as geometric mean SCC x 10³/mL milk) of non-infected 
quarters and quarters infected with different staphylococci over 8 studies. 
 
1 2 3 4 5 6 7 8 
Identification M9 P10 P P P P11 M M 
Parity All All First First All All All All 
Lactation stage All All First 3 mo All All All Mid All 
IMI 
 
 
      
negative 26.8 - 39 51.2 58 36 - - 
S. aureus 494.0a - 578 182.7a - - - 467d 
S. capitis - - - - 187a - - - 
S. chromogenes 225.7a,c,d 199 168 172.1a 192a 193 93 171e 
S. cohnii 65.1b,d - - - 65b - 29 183e 
S. devriesei 82.3e - - - - - - - 
S. epidermidis - - - - 132b 87 132 273e 
S. equorum 91.0e - - - - - - 132e 
S. fleurettii 42.4e - - - - - - - 
S. haemolyticus 93.5e - - 118.5a 67b - - 193e 
S. hominis - 543 - - 41b - - - 
S. hyicus 9.0e 241 193 - 319b - - 200e 
S. pasteuri 89.0e - - - - - - - 
S. sciuri 92.5e 4,955 - - 61b - - - 
S. simulans 130a,c,d - - - 93b 222 102 - 
S. warneri - 226 - - 129b - - 79e 
S. xylosus 84.6a,c,d 240 - - 400a - 69 163e 
 
1 Chapter 6.1, statistical analysis was performed using multilevel linear regression models with 
ln quarter milk SCC as outcome variable; 2 Nickerson and Boddie, 1994, average quarter milk 
SCC instead of geometric mean; 3 Nickerson et al., 1995; 4 Chaffer et al., 1999; 5 Sampimon et al., 
2009a; 6 Bexiga et al., 2010; 7 Middleton et al., 2010, median quarter milk SCC instead of 
geometric mean; 8 Van den Borne et al., 2010; 9 Molecular methods; 10 Phenotypic method; 11 
Molecular confirmation; a significantly different from non-infected quarters; b not significantly 
different from non-infected quarters; c not significantly different from S. aureus; d not 
significantly different from rest CNS group, indicated with e; e rest CNS, grouped together for 
statistical analysis. The two CNS species associated with the highest quarter milk SCC per study 
are indicated in bold. 
 
In two recent studies presented at the ‘Seminar on CNS in the bovine’ (September 
15-16th, 2010, Ghent, Belgium), the effect of different species identified with rpoB 
sequencing was examined (Table 2). The preliminary data describe a species-specific 
effect on SCC in the first week post-partum and prior to dry-off (Middleton et al., 2010) 
(data not shown) but not in mid-lactation (Table 2), while in the other study, no 
significant differences were found in quarter milk SCC infected with S. chromogenes and 
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other CNS species (Van den Borne et al., 2010) (Table 2). In a recent study performed 
with dairy goats, the most prevalent CNS species (S. caprae, S. epidermidis, S. simulans, S. 
xylosus, and S. chromogenes) were associated with a higher SCC (Koop et al., in 
preparation). We combined the less prevalent CNS species (other than S. chromogenes, S. 
cohnii, S. simulans, S. xylosus) into one group for the SCC analysis because of limited 
numbers (Chapter 6.1), yet we cannot exclude that some of the minor prevalent species 
(e. g. S. equorum, S. pasteuri, and S. sciuri) are also important. Within certain species, 
there is inconsistency in the reported quarter milk SCC between different studies (Table 
2). From our study, we could not conclude that persistent infections of any pathogen, 
including CNS species, had more impact on the quarter SCC per sampling occasion than 
did transient infections (Chapter 6.1). Others calculated that the median of geometric 
means of transient CNS infections was 133,500 cells/mL, while that of persistent 
infections was 355,400 cells/mL (Taponen et al., 2006). Regrettably, a species-specific 
impact of persistency of CNS IMI on the SCC was not examined in the latter study. 
We did not study the relation between CNS IMI and composite SCC in detail. 
However, to have an idea of the impact on composite SCC, we assigned each cow an IMI 
status based on the quarter level information (data not published). A cow was 
considered to be infected with a certain pathogen when at least one quarter had an IMI 
with this pathogen and no other pathogens were present in any of the quarters. From 
this preliminary analysis it looks as if S. chromogenes has a considerable impact on the 
cow-level SCC. In fact, about 25 % of the S. chromogenes infected cows had a SCC higher 
than 250,000 cells/mL, of which even 10 % higher than 500,000 cells/mL (Fig. 6). All in 
all, the impact of IMI by any of the CNS species on the cow-level SCC was clearly lower 
than that of S. aureus IMI (75 % of the cows with a SCC over 250,000 cells/mL) (Fig. 6), 
confirming the moderate impact that CNS have for bovine udder health.  
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Figure 6. Distributions of cows with intramammary infection caused by different CNS species, S. 
aureus, and C. bovis over different composite somatic cell count groups. Cow-level infection 
status was determined based on quarter-level findings (Chapter 6.1). The number of cow 
observations with the respective infection status during the 13-month follow up is given in 
brackets. Most prevalent CNS IMI are given separately, and ‘other CNS’ comprises S. equorum, S. 
fleurettii, S. pasteuri, S. sciuri, and S. simulans. 
 
Conclusions. The work covered in this PhD thesis confirmed that CNS are of minor 
importance compared to major mastitis pathogens. We showed that CNS IMI were 
associated with a significantly higher quarter milk SCC compared to non-infected as well 
as to C. bovis infected quarters (Chapter 6.1). Species-specific differences in pathogenic 
significance were observed and described. Staphylococcus chromogenes, S. simulans, and 
S. xylosus were able to increase the quarter milk SCC to a level comparable with S. aureus 
IMI, and had a higher impact than S. cohnii. However, as none of the CNS species were 
isolated from clinical samples and the impact on the cow-level SCC was much lower than 
for S. aureus, we think their significance should not be exaggerated, although these 
species are first in line for more attention and research (Chapter 6.1). 
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To further exploit our field work and the resulting dataset obtained in this PhD 
thesis, we consider strain typing essential (1) to check if our designation of persistent 
infections based on species-level observations was correct, and if the potential to persist 
is strain specific, (2) to compare strains from different animals in a herd to see whether 
there may be contagious transmission, and (3) to further explore whether or not the 
CNS strains isolated from the extramammary samples and from IMI are the same. Using 
our collection of CNS isolates, the potential of tDNA-PCR to be used for strain typing 
could be examined based on its discriminatory power compared to that of RAPD, PFGE, 
and/or MLST. Further, our dataset can be used to examine the impact of CNS IMI on the 
cow-level SCC and milk production. Of particular interest could be the potential 
protective effect of pre-existing CNS IMI on IMI with major pathogens, and the 
longitudinal set-up of our field work lends itself for this purpose. 
Additional studies are required to elucidate CNS epidemiology, and we suggest an 
approach on multiple herds as there seem to be so many herd differences potentially 
explaining the observed variation. Despite limitations concerning time and cost, 
longitudinal studies are preferred, and we suggest to use weekly sampling intervals 
combined with stringent IMI definitions. One of the topics is to find a plausible 
explanation why some species have a herd-dependent presence and others have not. 
Risk factors (in particular, herd-level factors) associated with CNS IMI should be studied 
in detail. We also propose a more detailed approach on the parlour-associated niches 
than we did. In fact, we expected that the milking machine or the milker would play a 
role in the (contagious) transmission of S. chromogenes. However, we were hardly able 
to isolate this species from the milking machine unit liners or from the milker (Chapter 
6.2). Additionally, we defined S. simulans and S. xylosus as opportunistic bactria, and 
hypothesized that these species would have an environmental origin from where they 
are able to colonize the teat apices resulting in invasion of the udder. Yet, we did not find 
these species on the teat apices (Chapter 6.2). We sampled the aforementioned 
extramammary niches before and after milking of the herd, while sampling before and 
after milking of each cow would be more appropriate. Swabbing not only the teat apices 
but also the teat canal and the teat skin, might be valuable. Screening the environment 
further, or bovine body sites, to elucidate other sources or vectors for CNS IMI is 
interesting, however, a well-considered study design is crucial to reconcile budget with 
scientific aims. Species-level identification would already be interesting to study the 
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species distribution further, however, eventually, strain typing will be essential to (more) 
exactly determine dynamics of transmission. 
We pointed out a difference in pathogenic significance between S. chromogenes, S. 
simulans, and S. xylosus, versus S. cohnii (Chapter 6.1).  Accordingly, it might be valuable 
to examine the presence or absence of virulence factors in S. cohnii compared to the 
more pathogenic species. The role of the hosts’ immunity on the outcome of particular 
CNS IMI should be explored as well. We have not isolated CNS from clinical mastitis 
cases. However, literature cites that CNS are found in about 15 % of the clinical samples, 
although it is questioned whether or not CNS were the causative agents in these cases. 
Missing the true causative agents might occur due to intermittent shedding or because 
the agent already disappeared. We suggest that CNS-positive clinical samples could be 
examined using culture-independent techniques such as real-time PCR for the presence 
of other (major) pathogens. Further research needs a focus on species and strain specific 
characteristics that affect epidemiology and virulence, providing a basis for additional 
experimental infection studies. 
Instead of focussing on the potential pathogenic implications of CNS, merit might 
be sought in their beneficial potential. Both the association of CNS IMI with a higher milk 
yield and, as a plausible cause of the former, a potential protective effect of pre-existing 
CNS IMI on the incidence of IMI with major pathogens, should be further examined. To 
determine the impact of CNS IMI on milk production, quarter-level measurement of the 
milk production is desirable. In the end, the dairy sector might profit from the presence 
of CNS (intramammary or on the teat) that prevent from major pathogen IMI. 
Accurate CNS-species identification followed by strain typing is crucial for 
research purposes. Although nowadays not financially achievable, one could imagine 
that species identification in routine veterinary (mastitis) labs is also valuable, at least 
for particular herds. The design of a cheap, easy-to-use, and accurate tool to screen the 
CNS from a herd and to pick out the species of highest pathogenic significance would be 
a first (and perhaps sufficient?) step.  
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Our approach to handle CNS IMI on dairy herds would highly depend on the 
situation of the herd and the wishes of the herd manager (Fig. 7). For example, in a herd 
(Herd A) where major pathogens are frequently isolated from subclinical mastitis cases, 
and the bulk milk SCC is persistently high (e. g. over 300.000 cells/mL), we advise to 
only address major pathogens. We still believe that specific attention to CNS IMI on 
these herds is not cost-effective, thus, we recommend no CNS-species differentiation nor 
treatment of CNS infected quarters, and the prevention strategy should be focused on 
the most probable transmission routes of the major pathogens (Fig. 7). A contrasting 
example is a herd where major pathogens are not commonly causing IMI in the cows 
with the higher SCC but CNS are, and where the bulk milk SCC is not low enough 
according to the herd manager’s desire (Herd B). Based on the findings of this PhD 
study, we propose that a specific focus on CNS is valuable on these herds (Fig. 7). Still, 
numerous conditions have to be fulfilled before focusing on CNS IMI in a herd (major 
pathogens reduced, willingness of the farmer, etc.) (Fig. 7). However, we hypothesize 
that an increasing number of this type of herds will occur in the future. 
The CNS infected quarters had a significantly higher quarter milk SCC than non-
infected quarters. However, based on the absence of CNS from clinical samples, and the 
quarter milk SCC associated with the CNS group that was distinctly lower than that of S. 
aureus infected quarters (Chapter 6.1), we are still convinced that the CNS group has 
only moderate impact on bovine udder health. Only S. chromogenes, S. simulans, and S. 
xylosus were associated with an elevated quarter milk SCC, hence, some CNS species are 
more pathogenic than others. As these species were not found in clinical cases, their 
potential pathogenic significance should not be exaggerated. In dairy practice, species-
specific measurements are appropriate when the aforementioned species are 
encountered in a herd like Herd B (as described above). We disproved the historical 
belief that CNS IMI are self-limiting. In fact, except for S. fleurettii, all species were able 
to cause persistent IMI (Chapter 6.1).  
Knowledge of the CNS epidemiology is a first step towards prevention, if necessary. 
We found a herd-dependent CNS distribution in milk and parlour-associated 
extramammary samples (Chapter 6). Additionally, S. chromogenes was designated as 
contagious bacterium (Chapter 6). By contrast, S. equorum, S. fleurettii, and S. sciuri seem 
to operate as environmental bacteria (Chapter 6). Staphylococcus cohnii, S. haemolyticus, 
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S. simulans, and S. xylosus may also have an environmental reservoir, however, these can 
(at least in specific cases) settle in the mammary gland and cause persistent IMI 
(Chapter 6). In conclusion, the epidemiology of CNS is species-specific.  
As the impact on udder health and the epidemiology is species-dependent, species-
level identification should be considered. We are convinced that accurate (thus 
molecular) identification methods are indispensable for research purposes. tDNA-PCR 
offers a rather simple, cost-effective, and accurate solution (Chapter 4). In an ideal 
situation, molecular species identification is implemented in routine veterinary labs, as 
well. If commercially available phenotypic test kits are the only option, we advise to 
refrain from species identification. In addition, (accurate) CNS differentiation in the field 
is only worth the effort if a specific action (e. g. adaptation of the prevention program of 
the herd or treatment) will follow (Herd B) (Fig. 7). Differentiation between the 
important (e. g. S. chromogenes, S. simulans, and S. xylosus; Chapter 6.1) and ‘the other’ 
species (e. g. S. cohnii) might be a first step in routine veterinary labs.  
We advise to prevent all CNS IMI until it can be proven that particular CNS species 
(or strains) have a beneficial effect that overrides the negative impact of CNS on udder 
health. In herds like Herd A, CNS prevention will, probably, follow from prevention of 
major mastitis pathogens (Fig. 7). Only in herds like Herd B, CNS might be addressed 
specifically. A species-specific approach will be valuable for these herds (Chapter 6) (Fig. 
7). For example, we would advise to focus on contagious transmission when S. 
chromogenes is the most prevalent bacterium in cows with an elevated SCC, or contrarily, 
on transmission via the environment when S. haemolyticus, S. cohnii, S. simulans, or S. 
xylosus are predominating (Chapter 6). All in all, we discourage treatment of CNS IMI. 
Treatment of CNS IMI on Herd A is unlikely to be necessary (Fig. 7). Instead, cows 
suffering from subclinical IMI by major pathogens should be given a proper treatment if 
they have a high chance of cure, or rather be culled instead. In Herd B, in general, we 
also advise to refrain from treatment. Based on literature, we believe that the majority of 
CNS IMI will cure during the dry-period. However, in selected cases and by exception, 
treatment might be considered. In our opinion, the exceptional case in which lactational 
treatment of CNS IMI might be considered, is a young cow with high value to the herd 
manager, in which a persisting (thus, not self-curing) CNS IMI (preferably confirmed by 
molecular identification) is observed in early lactation (when awaiting dry-off holds risk 
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of creating persistent infection and spread of the pathogen in the herd), by a CNS strain 
shown to be susceptible in vitro to the proposed antimicrobial. Preferably, a solid 
prevention strategy should be designed, rather than considering treatment. 
 
Figure 7. Proposal for herd-level management approach concerning intramammary infections 
with coagulase-negative Staphylococcus species. 
 
Abbreviations used: SCC, somatic cell count; CNS, coagulase-negative staphylococci; 1 The 
decision whether or not to treat a cow (or instead, await a next DHI report, or cull) should be 
based on causative pathogen, parity, lactation stage, chronicity of infection, SCC, etc. 2 Treatment 
of a CNS-positive cow with high SCC might be worth considering for cows with high value and in 
early lactation, to prevent persistent infection. In later lactation, we propose to wait until dry-off 
and to apply regular dry-cow therapy. 3 CNS prevention will, probably, follow from a solid 
prevention strategy for the major mastitis pathogens. 
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A variety of metabolic disorders and infectious diseases hinder profitability of 
dairy farming, with mastitis being the most important one. While we have been 
successful in combating some of the major mastitis pathogens, such as Streptococcus 
agalactiae, coagulase-negative Staphylococcus (CNS) species have appeared on the 
forefront. In many areas of the world, the CNS have become the most prevalent group of 
mastitis bacteria in milk samples from cows with and without mastitis. They have 
always been considered as harmless commensals of the skin and mucosae of human and 
animals, that can also survive in the environment. Nowadays, their importance for 
bovine udder health is under discussion.  
From the review of literature (Chapter 2), it was concluded that the CNS are still 
regarded as minor mastitis pathogens. If ever causing clinical mastitis, symptoms are 
mostly local and mild but some have reported more severe symptoms. Their impact on 
the somatic cell count (SCC) is moderate. However, as more and more farmers strive for 
a low bulk milk SCC, CNS may become increasingly important. Although intramammary 
infections caused by CNS were supposed to be mostly self-limiting, persistent CNS 
infections have been described. Beneficial effects of CNS have also been reported. As 
such, CNS colonizing teat apices or present in the mammary gland seem to protect 
against intramammary infection by major pathogens, and CNS-infected heifers and cows 
can have a higher milk production compared to their uninfected herd mates. Also, 
reservoirs and transmission routes of CNS infections are not fully understood. All in all, a 
lot of conflicting information has been published. With the CNS group comprising almost 
50 different species of which a dozen are associated with infection of the mammary 
gland, it is imaginable that some species have pathogenic potential and others are 
harmless or even beneficial. Additionally, their epidemiological behaviour might be 
species-specific. Research addressing CNS epidemiology and importance has been 
impeded until now by (1) the plethora of different species within the group, and (2) 
because identification at species level, if done at all, was performed mostly using 
inaccurate commercially available phenotypic test kits. Although the use of molecular 
CNS identification is to be preferred, these methods were either unavailable nor 
validated or often too expensive to be implemented in routine diagnostics and even for 
research purposes. 
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The general aim of this thesis was to expand our knowledge on the epidemiology of 
the different CNS species causing intramammary infections in dairy herds, their 
distribution in milk and parlour-associated extramammary niches, and on their impact 
on udder health (Chapter 3).  
A first goal was to have a rapid, cheap, and easy-to-use molecular technique at 
hand for the identification of CNS isolated from bovine milk and teat apices for future 
field studies (Chapter 4). The performance of tRNA-intergenic spacer PCR (tDNA-PCR) in 
combination with capillary electrophoresis was evaluated for that reason. First, the 
tDNA-PCR library was updated with CNS reference strains. It was hypothesized that the 
available library (containing mostly CNS strains of human origin), would not be 
sufficient for the identification of bovine isolates, and it was decided to update the 
library. Nearly 300 CNS field isolates originating from bovine milk and teat apices were 
identified with tDNA-PCR, and sequencing of the rpoB housekeeping gene (and, if 
needed, hsp60, tuf, and 16S rRNA) was used as the reference method. The field isolates 
were divided in 2 groups. Isolates of the first group were identified with tDNA-PCR 
resulting in a typeability of 81.9 % and an accuracy of 94.1 %. Peak patterns of these 
isolates were then added to the tDNA-PCR library with species identity as determined by 
DNA sequencing. The second group was identified with the updated tDNA-PCR library, 
resulting in 91.0 % typeability and 99.2 % accuracy. The updated tDNA-PCR in 
combination with capillary electrophoresis was almost as accurate as gene sequencing 
but faster and cheaper, and is a useful tool for future studies focussing on differences 
between bovine CNS species.  
During the evaluation of tDNA-PCR (Chapter 4), 15 CNS isolates remained 
unidentified with both tDNA-PCR and the reference method. Ten (9 from teat apcies and 
1 from milk) clustered together, and were hypothesized to belong to an undescribed 
species (Chapter 5.1). Indeed, the results of sequence analysis of the 16S rRNA gene and 
four housekeeping genes (rpoB, hsp60, tuf and dnaJ) in combination with tDNA-PCR 
analysis showed that the isolates formed a separate branch within the genus 
Staphylococcus. The phylogenetically most closely related species were S. haemolyticus, S. 
hominis, and S. lugdunensis, as determined using 16S rRNA gene sequencing. All induced 
a small zone of complete haemolysis and exhibited a homogeneous biochemical 
fingerprint that was discriminative from the closely related species. The fatty acid 
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profile, major polar lipids, and DNA G+C content were determined and DNA-DNA 
hybridization with the nearest neighbours, based on 16S rRNA gene sequences, 
confirmed that the isolates represented a novel Staphylococcus species which was 
named Staphylococcus devriesei sp. nov. 
Through contact with a Finnish research group, another cluster of staphylococci 
with bovine origin was scrutinized (Chapter 5.2). The 13 isolates (1 from a teat apex and 
12 from subclinical and mild clinical mastitic milk) were encountered during a field 
study, but could not be identified to the species level by amplified fragment length 
polymorphism (AFLP) analysis. The results of sequence analysis of the 16S rRNA gene 
and 2 housekeeping genes, rpoB and tuf, and DNA fingerprinting with AFLP analysis 
showed that the isolates formed a separate branch within the genus Staphylococcus. The 
phylogenetically most closely related species were S. hyicus and S. chromogenes. All 
isolates were coagulase-variable, and their predominant fatty acids and peptidoglycan 
type were determined. DNA-DNA hybridizations with S. hyicus and S. chromogenes 
confirmed that the isolates belonged to a separate species, classified as Staphylococcus 
agnetis sp. nov. 
The core of this PhD work consisted of a longitudinal study, including a cross-
sectional sampling of extramammary niches, on three Flemish dairy herds. 
The longitudinal study was conducted to profile the distribution of CNS species 
causing bovine intramammary infection and to gain more insight in the pathogenic 
potential of CNS as a group and of the most prevalent species causing infection of the 
mammary gland (Chapter 6.1). Monthly milk samples from 25 cows in each herd as well 
as samples from clinical mastitis cases were collected over a 13-month period. Stringent 
definitions of infection based on 3 consecutive samplings were applied. The distribution 
of CNS species causing intramammary infection was highly herd-dependent, but overall, 
S. chromogenes, S. xylosus, S. cohnii, and S. simulans were the most prevalent. No CNS 
species were found to cause clinical mastitis. The impact of the most prevalent species 
on the quarter milk SCC was analyzed using a linear mixed model, showing that S. 
chromogenes, S. simulans, and S. xylosus induced an increase in the SCC that was 
comparable with that of S. aureus. Contrarily, the SCC of S. cohnii infected quarters was 
not significantly different from that of non-infected quarters. All CNS species, except S. 
fleurettii, were able to cause persistent IMI, with S. chromogenes causing more persistent 
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than transient infections. We concluded that accurate species identification is needed 
when studying the impact of CNS on udder health, as the impact on SCC differs between 
species and species distribution is herd-specific. Staphylococcus chromogenes, S. 
simulans, and S. xylosus seem to be the more important species within the CNS group and 
deserve special attention in further studies.  
The objectives of the cross-sectional study (Chapter 6.2) in the same 3 herds were 
to map the CNS species distribution in parlour-associated extramammary niches, 
namely the cows’ teat apices, the milking machine unit liners, and milkers’ skin or gloves. 
Additionally, the distribution of CNS species was compared with the distribution of CNS 
causing intramammary infections in the same herds. The prevalence of individual CNS 
species was highly herd-dependent. The most prevalent species in parlour-related 
extramammary samples was S. cohnii in the first, S. fleurettii in the second, and S. 
equorum in the third herd, while S. haemolyticus and S. sciuri were present in all herds. 
Within each herd, the CNS species distribution in teat apices and milking machine unit 
liners was similar. Staphylococcus chromogenes, S. simulans, and S. xylosus favoured the 
mammary gland and were rarely isolated from other niches. By contrast, S. equorum was 
far more common in the parlour-associated niches than in milk. Staphylococcus cohnii, S. 
haemolyticus, S. fleurettii, and S. sciuri were commonly found in milk and in other sample 
types. The milkers’ skin harboured a specific microbiota. In conclusion, some of the 
extramammary niches related to the milking process seem to act as sources or fomites 
for CNS species causing intramammary infection. Interestingly, the sources or fomites of 
CNS that significantly influence milk quality (S. chromogenes, S. simulans, and S. xylosus) 
remained unidentified. 
From the field work (Chapter 6) we concluded that both the CNS epidemiology and 
impact on bovine udder health is species-specific. Consequently, we insist on the 
necessity of accurate (molecular) species identification for further research purposes. In 
fact, S. chromogenes, S. simulans, and S. xylosus were indicated as the most important 
species within the CNS group. Staphylococcus chromogenes acts as contagious pathogen, 
while S. equorum seems to be a typical environmental opportunist. 
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Verschillende metabole stoornissen en infectieuze ziekten hebben een negatieve 
impact op de rentabiliteit van melkveebedrijven, en mastitis of uierontsteking is de 
belangrijkste. Terwijl bepaalde belangrijke mastitisverwekkers (zoals Streptococcus 
agalactiae) op veel bedrijven teruggedrongen konden worden, stak een andere groep 
bacteriën, de coagulase-negatieve stafylokokken (CNS) de kop op. Wereldwijd werden 
CNS gerapporteerd als de meest voorkomende bacteriën in melkstalen van koeien. 
Voorheen werden ze steeds beschouwd als onbelangrijke commensalen van de huid en 
slijmvliezen van mens en dier, die ook in de omgeving konden overleven. Vandaag 
echter is hun belang voor de uiergezondheid onderwerp van discussie. 
Uit de literatuurstudie (Hoofdstuk 2) kon worden besloten dat CNS nog steeds als 
minder belangrijke mastitisverwekkers worden beschouwd. Ze lijken slechts sporadisch 
oorzaak te zijn van klinische mastitis, en als ze dat zijn, veroorzaken ze meestal milde 
symptomen. In een enkel geval worden ernstige algemene symptomen beschreven. Hun 
impact op het celgetal is gering. Steeds meer melkveehouders streven echter naar een 
laag tankmelkcelgetal, en ook bacteriën met een geringe impact worden op deze 
bedrijven belangrijker. Onderzoek wijst bovendien uit dat CNS kunnen persisteren in de 
uier, terwijl lang werd gedacht dat deze infecties spontaan verdwenen. Er werden echter 
ook gunstige effecten van CNS beschreven. Speentopkolonisatie met CNS en 
aanwezigheid van CNS in de uier leek namelijk te beschermen tegen uierinfecties met 
belangrijke mastitisverwekkers. Bovendien produceerden CNS-geïnfecteerde vaarzen en 
koeien meer melk dan hun ongeïnfecteerde kuddegenoten. Precieze bronnen voor CNS-
infectie en de manieren van overdracht zijn grotendeels onbekend. De CNS-groep 
bestaat uit bijna 50 verschillende soorten en ondersoorten, waarvan een twaalftal 
geassocieerd werd met uierinfectie. Het is niet ondenkbaar dat bepaalde soorten 
belangrijker (meer pathogeen, of juist beschermend) zijn dan andere, en dit zou een 
oorzaak kunnen zijn van de tegenstrijdige informatie omtrent het belang van CNS voor 
de uiergezondheid van koeien. Bovendien worden de CNS meestal als groep 
geïdentificeerd, en in de sporadische gevallen waarin wel soortidentificatie wordt 
toegepast, worden meestal fenotypische testen gebruikt. Deze bleken echter inaccuraat 
te zijn voor de soortdifferentiatie van CNS geïsoleerd uit koeien. Moleculaire technieken 
krijgen de voorkeur, maar deze zijn vaak niet beschikbaar wegens te duur voor 
routinelaboratoria en vaak zelfs ook voor onderzoeksdoeleinden, of ze zijn niet 
gevalideerd om ingezet te worden voor identificatie van CNS van koeien. 
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De belangrijkste doelstelling van deze doctoraatsthesis is de verdieping van de 
kennis betreffende de epidemiologie van de verschillende CNS-soorten die geassocieerd 
kunnen worden met uierinfecties op melkveebedrijven, hun verdeling in melk en in 
niches gerelateerd aan het melkproces, en na te gaan wat hun impact is op de 
uiergezondheid (Hoofdstuk 3). 
Het was belangrijk om over een snelle, relatief goedkope en gemakkelijke 
moleculaire techniek te beschikken voor de soortidentificatie van CNS in het verdere 
onderzoek. Daartoe werd de combinatie van tRNA-intergenic spacer PCR (tDNA-PCR) 
met capillaire elektroforese geëvalueerd (Hoofdstuk 4). In een eerste stap werd de tDNA-
PCR bibliotheek aangevuld met referentiestammen van CNS. We veronderstelden echter 
dat deze bibliotheek onvoldoende zou zijn voor het identificeren van CNS van koeien 
omdat de referentiestammen voornamelijk een humane oorsprong hadden. We besloten 
daarom de bibliotheek verder aan te vullen. Een dataset van bijna 300 CNS-isolaten 
afkomstig van melk en speentoppen werd geïdentificeerd met zowel tDNA-PCR als met 
een referentiemethode, die bestond uit de sequentiebepaling van huishoudgenen (rpoB 
als eerste, en indien nodig ook hsp60, tuf, en 16S rRNA). De isolaten werden opgesplitst 
in 2 groepen. tDNA-PCR toonde een typeerbaarheid van 81.9 % en een accuraatheid van 
94.1 % voor de identificatie van de eerste groep isolaten. De piekenpatronen van deze 
eerste groep werden daarna toegevoegd aan de tDNA-PCR bibliotheek. Vervolgens werd 
de tweede groep geïdentificeerd, met een typeerbaarheid van 91.0 % en een 
accuraatheid van 99.2 %. De accuraatheid van de geüpdate tDNA-PCR gecombineerd 
met capillaire elektroforese benaderde deze van de referentiemethode maar was sneller 
en goedkoper. De techniek was daarom erg bruikbaar voor verder onderzoek waarin 
soortspecifieke verschillen tussen CNS bekeken worden.   
Tijdens het evaluatieproces (Hoofdstuk 4) bleven 15 CNS-isolaten 
ongeïdentificeerd. Tien daarvan (9 van speentoppen en 1 uit melk) clusterden samen, en 
werden verondersteld tot een voorheen onbeschreven soort te behoren (Hoofdstuk 5.1). 
Sequentieanalyse van het 16S rRNA gen en van 4 huishoudgenen (rpoB, hsp60, tuf en 
dnaJ) bevestigde deze hypothese. Ook met tDNA-PCR werd duidelijk dat de isolaten een 
aparte tak binnen het genus Staphylococcus innamen. De fylogenetisch nauwst verwante 
soorten waren S. haemolyticus, S. hominis en S. lugdunensis. Alle isolaten induceerden 
een nauwe zone van volledige hemolyse en hadden een gelijkaardig biochemisch profiel, 
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dat hen onderscheidde van hun verwanten. Verder werden het vetzuurprofiel, de 
belangrijkste polaire lipiden en het G+C gehalte van het DNA bepaald. DNA-DNA 
hybridisatie met de nauwste verwanten bevestigde dat de onbekende isolaten een 
voorheen onbeschreven CNS-soort vertegenwoordigden, waarvoor de naam 
Staphylococcus devriesei sp. nov. werd voorgesteld. 
Onze onderzoeksgroep werd gecontacteerd door een Finse groep, welke 
gedurende een veldstudie een aantal boviene stafylokokken had gevonden die niet met 
amplified fragment length polymorphism (AFLP) analyse kon worden geïdentificeerd. 
De 13 isolaten werden verder onderzocht (Hoofdstuk 5.2). Sequentieanalyse van het 16S 
rRNA gen en van 2 huishoudgenen (rpoB en tuf) en AFLP analyse toonden aan dat ook 
deze isolaten een aparte tak binnen het genus Staphylococcus innamen. De fylogenetisch 
nauwst verwante soorten waren S. hyicus en S. chromogenes. Alle isolaten waren 
coagulase-variabel. Het vetzuurprofiel en peptidoglycaantype werden bepaald. DNA-
DNA hybridisatie met de nauwste verwanten bevestigde dat de onbekende isolaten een 
voorheen onbeschreven CNS-soort vertegenwoordigden, waarvoor de naam 
Staphylococcus agnetis sp. nov. werd voorgesteld. 
Van de op punt gestelde tDNA-PCR werd gebruik gemaakt bij het uitvoeren van de 
essentie van deze doctoraatsthesis, het veldonderzoek (bestaande uit een longitudinale 
en een cross-sectionele studie) op 3 Vlaamse melkveebedrijven. 
In het longitudinaal onderzoek werd de verdeling nagegaan van CNS-soorten die 
uierinfecties veroorzaken. Het was ook de bedoeling om meer inzicht te verkrijgen in de 
pathogeniciteit van CNS als groep en van de meest voorkomende soorten (Hoofdstuk 6.1). 
Van 25 koeien per bedrijf werden maandelijks melkstalen genomen gedurende een 
periode van 13 maand. Tevens werden melkstalen van klinische gevallen verzameld. Een 
strikte definitie van intramammaire infectie, gebaseerd op 3 opeenvolgende staalnames, 
werd gehanteerd. De verdeling van CNS-soorten in uierinfecties was bedrijfsafhankelijk, 
maar over de bedrijven heen kwamen S. chromogenes, S. xylosus, S. cohnii en S. simulans 
het meest voor. CNS werden niet gevonden in klinische stalen. De impact van de meest 
voorkomende soorten op het kwartiercelgetal werd geanalyseerd met lineaire 
regressiemodellen waarbij rekening werd gehouden met de hiërarchische datastructuur. 
Hieruit bleek dat S. chromogenes, S. simulans, en S. xylosus een verhoging van het 
kwartiercelgetal veroorzaakten die vergelijkbaar was met de verhoging geassocieerd 
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met S. aureus infecties. Het celgetal van S. cohnii geïnfecteerde kwartieren was 
vergelijkbaar met dat van niet-geïnfecteerde kwartieren. Behalve S. fleurettii konden alle 
CNS-soorten persistente infecties veroorzaken. Uit de resultaten van deze studie werd 
besloten dat een accurate soortidentificatie vereist is om de impact van CNS op de 
uiergezondheid te analyseren, aangezien er soortverschillen bestaan wat betreft de 
belangrijkheid en het voorkomen van CNS op een bedrijf. Staphylococcus chromogenes, S. 
simulans en S. xylosus zijn waarschijnlijk het belangrijkst binnen de CNS-groep, en deze 
soorten zouden dan ook extra aandacht moeten krijgen bij verder onderzoek. 
De doelstelling van het cross-sectionele onderzoek (Hoofdstuk 6.2) op dezelfde 3 
bedrijven was het in kaart brengen van de CNS-verdeling in niches gerelateerd aan het 
melkproces, namelijk de speentoppen, de speenvoeringen van de melkmachine en de 
handen en handschoenen van de melker. Daarnaast werd deze CNS-verdeling 
vergeleken met deze van uierinfecties. Ook de CNS-verdeling in de extramammaire 
niches was bedrijfsafhankelijk; in bedrijf 1 was S. cohnii het meest aanwezig, in het 
tweede bedrijf was dit S. fleurettii en in het derde bedrijf was dit S. equorum. Per bedrijf 
was de verdeling van CNS-soorten op de speentoppen en in de speenvoeringen 
gelijkaardig. Verder zagen we dat S. chromogenes, S. simulans en S. xylosus vooral 
aanwezig waren in de uier, terwijl ze slechts zelden geïsoleerd werden uit de andere 
niches. Staphylococcus equorum werd integendeel veel vaker gevonden in de niches 
gerelateerd aan het melkproces dan in melk, terwijl S. cohnii, S. haemolyticus, S. fleurettii 
en S. sciuri zowel in de melk als in de extramammaire niches vaak voorkwamen. Op de 
huid van de melkers was een specifieke microflora aanwezig. Uit de resultaten van deze 
studie werd besloten dat niches gerelateerd aan het melkproces als bron of vector voor 
CNS uierinfecties kunnen fungeren, hoewel dit niet het geval was voor uierinfecties met 
de meest pathogene CNS (S. chromogenes, S. simulans en S. xylosus).  
De resultaten van het veldonderzoek tonen aan dat de epidemiologie en de impact 
van CNS op de uiergezondheid bij koeien soortspecifiek is, waardoor het belang van 
accurate (moleculaire) soortidentificatie voor onderzoeksdoeleinden onderstreept werd. 
Staphylococcus chromogenes, S. simulans en S. xylosus lijken de belangrijkste soorten 
binnen de CNS-groep. Staphylococcus chromogenes gedraagt zich als een besmettelijke 
kiem, terwijl S. equorum een typische omgevingsopportunist blijkt te zijn.  
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Aan het eind van de rit is er eindelijk tijd om de mensen te bedanken die gedurende 5 jaar 
op constante of iets minder constante basis aan mijn zijde stonden en er mee voor zorgden dat ik 
u vandaag mijn doctoraat kan voorleggen. 
Omdat je zonder promotor niet weet waar te beginnen (en mét promotor vaak niet 
kan voorspellen waar het ooit zal eindigen)… Bedankt, Prof. dr. Sarne De Vliegher! Sarne, 
toen jij eind juni 2006 met het voorstel kwam om ‘iets te doen’ over coagulase-negatieve 
stafylokokken bij melkvee, was het CNS-verhaal nog redelijk Chinees voor mij. Na 5 jaar 
onderzoek is het me al iets duidelijker geworden, alhoewel… De juiste term om aan te duiden dat 
bepaalde CNS-soorten ‘pathogener zijn dan andere CNS, maar toch relatief apathogeen ten 
opzichte van major pathogenen’ hebben we nog altijd niet gevonden. Ooit komt het wel! Het 
aantal dames in het M-team is momenteel verdrievoudigd ten opzichte van het eerste jaar. Hoog 
tijd dus om te beginnen aan dat boek met 35 edities van elk 10.000 pagina’s (‘How to understand 
women’)… Het is misschien moeilijk te vatten als je maar 1 X chromosoom hebt, maar 
vrouwenlogica ís logisch hoor! Bedankt voor je enthousiasme en je ideeën, voor de 
mogelijkheden die ik kreeg binnen de onderzoeksgroep! Ik ben blij je als promotor gehad te 
hebben! Veel succes met al je verdere plannen (en jou kennende zijn dat er veel)! 
Omdat moleculaire identificatie/epidemiologie soms meer weg heeft van buikgevoel 
dan van ‘exacte wetenschap’, maar er toch enkele basisregels zijn… Bedankt, Prof. dr. Ruth 
N. Zadoks! Ruth, ik ben blij dat je als ‘stijfkoppige Nederlander’ (je eigen woorden!) de immer 
kritische blik wierp op mijn publicaties. Het was altijd spannend om iets naar jou te sturen, 
vooral als ik ervan overtuigd was dat de paper zo goed als klaar was. Je hebt me vertrouwd 
gemaakt met de moleculaire epidemiologie, waarvoor dank! Bedankt voor de goede discussies 
die we hebben gevoerd, ik heb er heel veel van bijgeleerd! 
Omdat het werken op de faculteit aangenaam is door sterke personen aan de leiding… 
Bedankt, Prof. dr. Freddy Haesebrouck en Prof. dr. Aart de Kruif! Prof. Haesebrouck, bedankt 
voor de ondersteuning die ik had met u als ‘mede-promotor’! Mijn welgemeende dank ook voor 
de vrijheid en het vertrouwen dat ik kreeg in het labo van uw vakgroep om er mijn moleculaire 
werk uit te voeren! Prof. de Kruif, bedankt om vandaag de verdediging te leiden, maar meer nog 
voor de rechtstreekse en onrechtstreekse steun op onze vakgroep! Het was een plezier om op de 
BP/Verloskunde te werken en op die manier het onderzoek te combineren met de praktijk! 
Omdat je met een kritische begeleiding meer kans hebt op slagen… Bedankt aan alle 
leden van de begeleidings- en lees-/examencommissie! Een speciaal woordje van dank aan dr. 
Margo Baele en Prof. dr. Mario Vaneechoutte. Margo en Mario, als ‘believers’ van de tDNA 
hebben jullie me ingeleid in de techniek waarop deze thesis gebaseerd is, merci! Bedankt ook 
Mario, omdat ik altijd welkom was in het UZ voor overleg! Prof. dr. Geert Opsomer en dr. Lic. Luc 
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De Meulemeester, jullie zorgden voor de meer praktische kijk op het verhaal. Bedankt Geert, 
voor de steun binnen de vakgroep! Beste Luc, ik ben blij dat onze samenwerking verder gaat! 
Prof. dr. Marc Heyndrickx, beste Marc, bedankt voor de discussies tijdens de vergaderingen en 
voor het grondig nalezen van dit werk! Prof. dr. Ynte Hein Schukken, ondanks je drukke agenda 
heb ik veel steun gehad aan jouw bezoekjes aan de faculteit. Beste Ynte, niets dan oprechte 
waardering voor de manier waarop je werkt en jouw kennis overbrengt aan je vele pupillen! Dr. 
Suvi Taponen, thank you for involving us in the S. agnetis paper and for the interesting email 
traffic on a diversity of CNS-related topics! Dear Suvi, I really appreciate your presence today!  
Omdat hard werken optellen is, maar samenwerken vermenigvuldigen… Bedankt, 
lieve collega’s van het M-team! Sofie, jouw geestdrift en werklust zijn onevenaarbaar, zonder jou 
was het M-team waarschijnlijk onbestaande! Bedankt voor al je hulp! Lieve Els, jij was er ook al bij 
van in het begin… Bedankt voor je nauwkeurige werk in het labo en voor je lach die je altijd 
vergezelt! Het was plezant om met je samen te werken! Lars, jouw komst zorgde er voor dat ‘ons 
laboke’ uitgroeide tot het fameuze ‘Mastitis and Milk Quality Lab’. Bedankt voor je assistentie in 
het bacteriologisch en moleculair werk! Reshad, veel geluk met je verdere onderzoek! Pieter, je 
bezoekjes aan de faculteit gingen altijd gepaard met leuke discussies (over het werk of over 
West-Vlamingen…), het ga je goed! Joren, Kathelijne en Anneleen, jullie waren de welgekomen, 
langverwachte nieuwtjes bij het M-team. Door jullie werden we een echt ‘team’! Jammer dat ik niet 
meer zo vaak op de bureau was… Joren, met je nuchtere kijk hou je al de voetjes op de grond, 
hou de dames onder controle ! Kathelijne, beslissen is altijd het moeilijkste maar je deed het 
tóch. Haal je optimisme maar terug boven! Veel geluk en hopelijk tot snel!! Anneleen, ik ben blij 
dat er zo’n waardige opvolger is om op mijn dataset verder te werken. Ik duim voor je IWT! 
Kristine, Dimitri en Marina, alweer een aanwinst voor het team! Marina, tot ziens binnen het 
Boerenbondproject! Veel succes verder! Tadele, you provide the M-team a view on the greater 
picture. Keep up the good work in Ethiopia! Steven B., je krijgt ook een plaatsje binnen het 
team… Merci voor al de hulp! Het M-team XL… Veerle, mijn doctoraatsverdedigingsgenootje, je 
hebt het daarnet vast fantastisch gedaan! Gedaan met stressen! Proficiat! Bert, je (al dan niet 
vrijwillige) aanwezigheid op de bureau en het bijhorende geplaag van bepaalde collega’s zorgde 
voor een luchtige sfeer. Nog even volhouden en dan is het jouw beurt! Gorik, ook voor jou duurt 
het niet lang meer! Veel succes! Bedankt, M-team, voor de leuke samenwerking en al de steun, op 
welke manier ook! 
 Omdat het ‘iets heeft’ om ’s nachts een koestal in te duiken voor een kalving, buiten te 
komen bij de eerste daglicht en de rest van de dag op adrenaline door te kunnen gaan met 
het onderzoek (ondanks het slaapgebrek)… Bedankt, collega’s van de ROHH! Omdat er te 
veel kans is dat ik iemand vergeet (we waren ook met zo veel…) volgen enkel de speciale 
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vermeldingen, maar dat neemt niet weg dat deze dankjewel naar iedereen van de vakgroep uit 
gaat! Een oprechte merci aan Jef en Marcel, om als ‘wijze en ervaren collega’s’ een oogje in het 
zeil te houden en het jonge geweld in goede banen te leiden. Twee specifieke persoonlijkheden 
(om niet te zeggen ‘fenomenen’) die binnen én buiten de groep erg gewaardeerd worden! Voor 
al de hulp en/of morele bijstand (merci Stefaan, Iris, Leen V., Hans en Mirjan, Jan G., e.v.a.), voor 
de boerenwijsheden (merci Davy), voor het opvrolijken van de kliniekvergaderingen (merci 
Sebastiaan), voor de uitlaatklep na moeilijke BP-nachten (merci Emily, Leentje M., Vanessa,…), 
voor de onbetaalbare hulp bij administratieve en een gamma aan andere problemen (merci Ria, 
Els, Leila, Sandra, Nadine, Marnik, Vero, Nicole,…),… bedankt! 
Omdat vaste waarden vaak vergeten worden… Bedankt Arlette, Marleen, Sofie en Hanne 
van ‘de bacteriologie’, omdat jullie altijd bereid waren te helpen! … en nieuwe ontmoetingen 
kunnen leiden tot interessante discussies… Merci aan onder andere Sandrine, Wannes, Gerrit, 
Otlis, Scott,… en verder ook aan dr. Stefanie Van Trappen en de collega’s van LMG, voor de 
samenwerking in het CNS-werk! 
Omdat mastitis-veldonderzoek enkel mogelijk is met de medewerking van 
melkveebedrijven… Bedankt aan de 3 bedrijven die ik gedurende meer dan 1 jaar mocht 
‘stalken’ om stalen te komen nemen en gegevens op te vragen. Jullie vrijwillige medewerking 
was van groot belang om het onderzoek tot een goed einde te brengen! Bedankt, maal 1000!  
Omdat geld niet het allerbelangrijkste is, maar toch erg handig… Bedankt aan het 
Agentschap voor Innovatie door Wetenschap en Technologie (IWT-Vlaanderen) voor de 
financiële ondersteuning van het project. In diezelfde lijn wens ik ook de firma’s te bedanken die 
dit drukwerk financieel ondersteunden, namelijk MCC-Vlaanderen, Pfizer Animal Health, 
Boehringer Ingelheim, Oxoid en Gea Farm Technologies.  
Omdat er aan elk einde een nieuw begin volgt… Bedankt, collega’s van MCC-
Vlaanderen! Directeur dr. Lic. Luc De Meulemeester, beste Luc, bedankt voor de kans die ik krijg 
om in het MCC te werken! Koen en ‘het team van adviseurs’ (Marc, Vicky en Vincent), de voorbije 
2 maanden waren al enorm interessant, en dat belooft zo te blijven! Nog een extra dankjewel aan 
Marc, voor al de nauwkeurige uitleg! Jean-Marie, Linda en Werner, ik kijk er al naar uit om 
verder samen te werken! 
Omdat er bij een belangrijke gebeurtenis ook altijd een feestje hoort… Bedankt aan 
iedereen die vandaag heeft geholpen! Een extra dankjewel aan Milcobel, Friesland-Campina en 
Inex, de sponsors van het zuivel-gedeelte van de receptie! 
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Omdat het leven zo veel meer is dan werken alleen… De grootste dankjewel aan mijn 
familie en vrienden! De enige reden waarom deze mensen laatst komen, is omdat deze 1000-
maal-dank dan hopelijk het langst blijft hangen!  
Merci, mama en papa, voor kortweg ‘alles’… Jullie onvoorwaardelijke steun bij de studies, 
het werk, het huis, met Jozefientje,… betekent heel veel voor mij! Ook al wonen we nu wat verder, 
we zullen niet stoppen met langskomen omdat het nog altijd Thuis is. Zusje! Merci voor de 
algemene ‘support’, het geklets, de gekke berichtjes, de uitnodigingen waarop ik al te vaak nee 
moest zeggen omwille van te veel werk,… Vanaf nu meer tijd voor gezelligheid! 
Een dikke merci aan de Meisjes, voor de leuke avondjes/dagjes samen, de fijne 
herinneringen aan trouwfeest-toneeltjes en allerhande welkome afwisselingen! Ook aan de 
Mechelse vrienden, nu we dichter wonen (voor de meeste toch) wordt het gemakkelijker om af 
te spreken! In één adem ook nog even succes wensen aan Marijketje en Evelien-de 
flexorspecialist-D.B., het is bijna aan jullie! 
De voorlaatste in het rijtje… Bedankt, Seppe! Er is al zo veel veranderd sinds die keer dat 
we het auditorium uitgestuurd werden door prof. L., zo’n 10 jaar geleden… Jij bent waarschijnlijk 
nog opgeluchter dan ikzelf dat mijn doctoraat af is. Eindelijk tijd om weer mijn plaats achter het 
fornuis over te nemen , eindelijk weer tijd voor ‘ons’. Merci om naast je full-time job nog een 
groot deel van het huishoudelijke werk te doen, en om zo’n goede papa en echtgenoot te zijn. 
You are my sunshine… De prestatie (?) om dit ‘boekske’ af te werken verdwijnt in het niets 
vergeleken bij het kleine wondertje dat we samen op de wereld gebracht hebben. Jozefientje, 
mijn kleine lachebek, met jouw komst brak een totaal nieuw tijdperk aan. Nooit gedacht dat alles 
zo anders zou zijn als mama. Jou zien lachen maakt de slechtste dag weer goed. Haast je niet om 
groot te worden, neem je tijd om klein te zijn (figuurlijk dan, je bent nooit echt klein geweest)! Ik 
kijk er naar uit om je lekker te verwennen met uitstapjes en veel gespeel! Ik zie je graag!  
  
 
Bedankt!  
Karlien 
 
 
 
Enjoy the little things in life, for one day you ‘ll look back and realize  
those were the big things… (Robert Brault) 
